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Project Deseription:s — ¥ 
&. Work on Polyema wirust 
1. Development of resistence tc S E polyoma virus. 


In the early work with leukemia cell-free extracts it was 
observed that of several litters of newborn mice inceulated with 
certain preparations, all mice in a given litter might develop 
tuners while the rest of the litters remained negative. Such 
results have been interpreted as a litter effect by Law et al 
(J. Net. Cancer Inst. 16: 495, 1955). We have now sham that 
this all-orenone response was probably not due te a pecularity 
of the litter of mice inoculated but was due to the mother ef 
the litter. In many laboratories where the tumor-inducing agent 
was not considered as an infectious Tirus, the female mice that 
had nursed an inoculated litter were reused for breeding. In 
ow experience mice that had nursed infected litters were never 
reused (J. Nat. Cancer Inst. 152 1391, 1955) and with tisaue 
culture propagated polyema virus 80-100 percent of hybrid 
(C3Hf/Hen X AKR)F, mice injected developed multiple types 
of neoplasms (J. Nat. Cancer Inst. 20: 1223, 1958). 
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in mere recent studies (C3Hf X C AKR)F, hybrid mice were 

found resistant to the oncogenic effects af polyoma virus after 

it had been carried fer 3 to 13 serial passages in tissue 

cultures made fron Swiss mouse embryos, whereas Swiss mice 

retained full susceptibility to the virus. It thus eppeared 

that while the virus had become adapted to the Swiss mouse by 

- passage in Swiss mouse embryo cultures, it had lost the abliity 
to infect the hybrid mice, Experiments were performed to 

explore this possibility. It was found that the resistance 

to the oncogenic effects of polyoma virus after it had been 

 earried for 3 to 13 serial passages in tissue cultures made 

from Swisa mouse embryos, whereas Swiss mice retained full 

susceptibility to the virus. J% thus appesred that while 

the virus had become adapted toe the Swiss mouse by passage. 

_ in Swiss mouse embryo cultures, it had lost the ability 

_to infect the hybrid mice. lixperimenta were performed to 

explore this possibility. It was found thet the resistance 

of the hybrid mice was due to maternal antibodies transmitted 

to them in the milk of their C3Hf/Hen mothers. Although 

the strain 63H/Hen had not previously nursed an inoculated 

litter, they were housed in an envirenment contaminated with 

polyam virus while the Swiss mice were not. The milk of 

mice which had been ineculeted with polyema virus had as 

high hemagglutination inhibition titers &s were found in their 

; 8ere. 


in @ coleny of mice with latent polyoma virus infection 

transfer of maternal antibodies te the offspring by way of milk 
may account for any irregularity of results following inoculation 
of thig virus. Maternal antibedies may also explain the lack of 
spontaneous parotid gland tumors in an infected colony, as it is 
common for newborn mice to nurse almost imusdiately after birth. 
Maternal antibodies transferred to the of spring my also explain 
the absence of these a teeing in the offspring of tumor bearing 
- ferzles. 


2. Tissee culture plaques of 3 E pelyema virus. 
The cytopathogenic changes produced by S$ E polyaza virus 


in mouse embryo cultures make it possible to apply the tissue 
culture plaque methed fer determining if cnly one virus preduces 


the spectrum of neoplasms observed in inoculated mica. Dr.B. Eddy 


hag show that in hamsters plaqued virus produced the sane 
types of neoplasms as that not plaqued. Since in hamsters the 
varus produces only sarcomas and vascular lesions the results 
are not as conclusive as they would be in mice. 
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Polyoma. virus used in this study was subline #6069 
derived from a Swiss monse that hed been injected shortly 
after birth with virus sublines 43169 which had been passed 
through a 220 mu. gradacol filter, During a 2 month peried 
the meuse developed primary neoplasuse, many ef which were 
multiple. Thess censisted of multiple mammary eadsnocareinamas, - 
hair follicle apidermoid eareinomas, edpidexmoid carcinema ef the 
gingiva, pleomorphic twnors of the parotid, exorbital lacrunal and 
tracheal submucosal glands, thyroid careinema epithelial thymoma, 
mesotheliomas of the pleura, renal sarcomas, renal tubular 
lesions, and osteogenic sarcomas of the skull and spins. The 
mouse was kilied when 66 days old and a culture was made in 
mouse embryo cells from a mince of one of the parotid tumors 
and one of the manmary adencearcinomas. The supernatant fluid 
from the 8th paseage in mouse embryo cultures was used in the 
plagne studies. The technique fer plaquing has been degcribed 
by Dr. Eddy (Proc. III Canadian Cancer Conf. 1959). 


Fluids from cultures made from 6 different plaques 
inoculated into newborn Swiss mice induced tumors in 85 percent. 
Little variation was noted in the types of tumora observed in mise 
inoculated with the plaqued and non plaqued virus, Mice that 


- received wirus from 3 of the plaques appesred to have a greater 


variety of twnors than those that received the others; however, 
the difference between these and the other 3 plaques was pre bly 
quantitative rather than qualitative es the majority of the 
tumors whieh have been observed appeared in some of the mice, 


: 3, The histogenesis of epithelial thymomas induced 
in mice inoculated with pelyoma virus. 


This tumor has been observed in about 30 percent of 
inoculated mice, It occurs as a circumscribed thymic mass 
which in azalltumers is ssen to arise in the medulia. The 
lesions vary in sise from microscopic foci to masses which almost 
completely displace the lungs. Micrescopie sxamination of serial 
sections made from early twnors indicate that their crigin may 
bs in Hassall's corpuscles. An increase and a hyperplasis of 
these cells was observed in some early tumors. 


4, Chemical nature of S E polyoma virus 
In collaboration with chemists from the Slean-Kettering 


Institute and Dr. B. Eddy, NIH, the following results vere 
ebtained on the chemistry of polyoma virus: 
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- An infectious nucleic acid resistant to the action of. 
ribonuclease (RNase) but which was inactivated by deoxyribenuclease 
{DNase) was isolated from mouse embryo cultures infected with 
polyoma virus. Two methods ef preparing nucleic ecids from the 
tissue cultures were employed: that of Gierer and Schramn 
(Nature 177: 1297, 1956) and the one described by Kirby (Biochen. 
J. 66: 495, 1957). Both gave the same results, Control nucleic 
acids were prepared from non infected cultures. Mouse embryo 


cultures ineculated with the nucleic acid preparations from the 


infected cultures yielded intact polyoma virus with the RNase 
treated preparations and not with the nucleic acid treated with 
DNase. Thies was demonstrated by cytopathogenic changes in tissue 
cultures, by hemagglutination of guinea pig erythrocytes and by 
tuner induction in hamsters and mice, Neither engyme wis found 


effective on the intact virus. 


B. Work with human neoplasms.» 


i. Cellular proliferation in tissue cultwre induced 
with a substance derived from cell-free concentrates from human 
neoplastic material. 


Pocal areas of proliferating cells or peeks were produced 
when cell-free concentrates derived from 2 different human necplasms 
and from the urine of 3 children with neoplastic disease wera 
inoculated into monolayered cultures prepared from primary 
trypsinized cells from human armmion end from human embryo mince. 
The cells wére maintained in Farle !s medium 109 (NCTC) containing 
5 pereent horse serum and antibiotics, The increase 44° cell 
multiplication caused them te pile up forming discrete foci 
semetimes measuring 0.5 cm. in diameter, which were scattered 
throughout the monolayer of nermal cells. The firat evidence of 
cell transformation in beth types of cultures was a less of 
nigration of the cells resulting in a whirl; this is shown in 
the first figure. The continued growth of these foci in anmion 
cells ia illustrated in figures 2-h. 


Cytopathogenic changes were usually observed in the first 
few tissue culture passages. They were also seen in control 
cultures whieh received similar concentrates prepared from human 
amniotic tissue but were found enly in cultures with the original 
inoculum and after the firat passage. 


The conor celtic ——- wers prepared by 4 





ater mae couted Puce tion. 
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modification of the method described hy Moloney (J. Net. Cancer Inst. 
16: 877, 1956), for purification ef the Rous earcema virus. The 
wine concentrates wera prepared as follows: A mormming urine specimen 
with the pH adjusted to 6.6 waa centrifuged in an International 
refrigereted centrifuge at 3000 rpm (100 x g) for 30 minutes at 
o° C. to remove al] celis and gross precipitates. The cleared urine 
was then centrifuged in a Spinco centrifuge at 10,000 rpm (101,000 Xg) 
for one hour and the pellets which were usually clear and gelatinous 
were suspended in a volume of 0.05 M sedium citrate, in which the | 
‘pH had been adjusted to 6.6 with citric acid, so as te give a 20-fold 
- concentration of the mterial. The suspended pellets were then 
homegenized in a Potter-Eivehjem homogenizer and the coer e was 
centrifuged at 3,000 rpm (1,00 S g) for 30 minutes at 0° The 
supernatant fluid which was generally clear or had enly a eel pial 
opaleseence was ineculated in l<-2 ml. amounts inte 2 og. preseripticn 
bottles with the monolayersd anmmion or human embryo cells and were 
incubated at 37°C. Tumor concentrates were inoculated in the same 
mamer, Serial pessages to other monolayered cultures were made 
by transfer of 1-2 ml. of cultures fiul o The fluids were changed 
at weekly intervals, : 





‘Proliferative changes were produced by five specimens; 
-(1) A surgical specimen from a papillomatous growth of the 
tongue in a 73 yesr old males the patient also had multiple 
epidermoid carcinomas of the buccal mucosae and a rectal polyp. 
(2) An autopsy specimen from an embryonal tumor of the liver 
in a 22 month old child. (3) Urine from a 6 year old boy 

with avate lymphocytic leukemia. (l) Urine from a 6 year old 
girl with a renal neuroblastoma. (5) Urine from an 8 year old 
girl with Hedgkins disease. ; 


The cellular proliferative changes produced by the papilloma 
extract were observed after the second passage in amnion cell 
cultures and on ths initial culture of the human embryo after 
2 weeks! incukation, The ceil transformation preduced by the liver 
tumor concentrate was not obgerved until after the 3rd passage 
and was not reproducible on all transfers wmtil efter it had 
been carried for weeks in the humen embryo cultures. 


The cultures incculated with the urine consentrates were 
slow in showing @ cell transformation and the initial changes were 
observed only on the human embryo cultures. The original cultures 
were retxypsinised 3 to times each during a h-5 month period. 
Focal areas with abnormal migration of the cells were observed in the 
inoculated cultures in 2 to 3 months. Tranefer of the culture fluid 
tO Somivw, culturds produced the same fecal lesions as observed 
with the tumor concentrates. 
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Although serial pags. sage in tissne culture of the proliferative 
effect is readily accemplishsd by use of the culture fluids it appsars 
thst cellular perticles or celia are necessary to preduce the effect 
(even though initially the materiel wes cell-free), Activity is lost 
by filtration and by centrifugation of the tissue culture fluid. 

Other instances of similar behsvier are known to eccur. It is know 
that in order to transfer varicella virus in tissue culture it is 
necessary to carry over cell fragments. Also influenza virus has 
been shown te exist in an incomplete form (non transferable) when 
growm in certain cells. At present we do not know the nature of 

the growth accelerating agent brit studies are in progress which | 
indicate that the cells transformed by the papillema agent have a 
specifie antigen which is demonstrable oy use of the flueresesnt 
antibody methed. 


2, Uterine and gastrointestinal lesions observed in 
hamsters inoenlated with fluids from tissue cultures which had 
received preparations from humn erates materiel from patients 
thst had died of cancer. 


From a total of 263 inoculated hamsters of both sexes that - 
have been autopsied 171 were females. Of the 171 females 18 
percent developed a hemorrhagic leaion of the uterus. Jn many 
of these there were macerated fetuses, several with extrusion 
of one or more fetus into the peritoneal cavity. Hemorrhagic 
lesiona of the G.I. tract have alse been observed in mahy of 
the hamsters of both sexes. At first 1% vas believed to be of 
the game etiology as the uterine lesion, but it has also been 
found in numerous control anineis, The uterine lealon has been 
geen in only ) of 90 control female hamsters which have been 
autopsied, 


A histologic study of these hemearrhagic lesions is in 
progress. 


Part Binciuded Yes 
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Profect Titie: DENA synthesis in newmal and neoplastic tissues 
and cells. Synthesis of phosphorylated DNA 
precursors. 


Prinsipal Investigater: Ruth EK. Kielley 
Otkers Investigator: W. C. Schneider 
Cocperating Units: Hone 
Mon Years (calendar year 1959): A. 

Total: 


1 
Professional: i 
Other: ei) 


Project description: 


Objectives: The long range objective of this study is to gain 
gome understanding of enzymatic comtrol mechaniems in DEA synthesi«c 
by vhich cell growth and multipifeation are regulated. Recent findings 
en the asture of DEA precursers indicate thet a study of the formation 
of deoxynucleotide triphosphates im normal and tumor celis might be 
feasible and worthubile at this time. 


The imucdiate objectives were concerned with (1) develomesnt of 
aa assay methed to detect and measure deoxymucleotide kimase activities 
in various kinds of normal and tumor celis and (2) development of 
impvoved methads for isolating nuclei im which various activitie: 
deating to DRA synthesis might be stwihied. 


Methods: The asezy method used by Kornberg for measuring 
dzouyoucleotide kinase activity in extracts of B. coli was selected for 
this etudy. he method depends on the use of P-“-lsbeled deompmuclestides 
which are converted to triphosphates oy Kinase action in the sreesnce of 
AEP. The methods used for preperation of P3"-lebeled Cea ymcleotides 
were follow: through. These included special methods for culturing 
B. ecli in P3*, iecletion and hydrolysis of labeled DHA to 5'-deoxy- 
mugleotides, sapavation of the inéividwal nucleotides by ion exchange 
chromatography and identification by spectral characteristics. 


Hetheds for leolating muciei involved suspending the eglls in 
verlous kinds of moflified sueroce solutions, rupturing the celia by 
various mechanical means aml sexarating the nuclear frection by 
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adifverential ceutrificution. The eriterion used for evaluating the 
yarious conditions emicyed was based upen the morphological. charece 
teristics ef the isclatsd nuclei uider phase microscopy. Those 
conditions preserving muciel im a state most nearly like that in the 
imtact cell were considered desirable. 


Principal findings: The technical problems involved in the 
prepaystion of deoxymuclectides from thymus and ef very small emamts 
of P2“-lahaled nucleotides fram B. coli have been satisfactorily 
worked out. Te has been fgynd that in growing B.coli to a limit oa a 
lew phosphate medium for P-" incorporation, vigorous seretion such as 
is pousible im e gas washing cylinder ies necessary. The glassvare 
need not be absolutely sterile, but an initially sterile medium and 
inceuluz of a pure culture of EB. coli Strain B ave necessary to avoid 
laergs amounts of acid production in the medium by extrencous erganiams 
which can cause growth to stop befere the phosphate has been exhausted 
from the mediwa. At a phosphate coacentration of 33 p moles/100 ml. 
instead of 60 p moles as generally used for P3° incorporation, the 
utilization of phosphate into Dil is more efficient, but this is offset 
by the lerger volume of culture required to produce the sams amount of 
DEA. Ho special difficulties were encountered in preparing DSA- 
mucleoprotein by alkaline digestion and precipitation with perchloric 
acid. im the hydrolysis of DHA after Dilase digestion, by diesterase, 
it is necessary that the diesterase ve free of 5'-nuclectidase. Large 
mucleotifiasea activities were found in the diesterase fractions obtained 
by acetone precipitation of snake venou after the lyophilized venom aad 
been stored frozen for seme time. The nucleotidase activity was 
Gestroyed ty heating the dlesterase solution for 20 mimites at 60° 
et pi 6.5 in the presence of serum altumin. The precipitate vas 
centrifuged off and the clear supernatant solution was dialyzed overnignt 
at against 0.02 M Pris-RCl buffer, pH 0.8. The preparation has boon 
kept frozen for a month without loss of activity. Nearly quantitative 
hydrolysis of B. coli DNA to 5'-deoxymucleotides wes obtained by the 
comoined actien of Dlase and @lesterase. The individual nucleotides 
were separated by colum chromatography on Dowex 1 -2x im the BEL-01 
solvent systes. Fram a digest containing 11.6 » moles of nucleotides, 
1.6 moles of G-CHP, €-GiP and TMP were obteined. d-AMP was ot 
Fecoverea under conditions prevailing at 77m pene te tee. 





tne £cllowing method has been developed for isolating fusled 
from ascites aa eelis. 


Solution 1 - 0.25 M euerese, 0.003 M CaCle, 5 x 1078 M Metro, 
0.01 M histiains, pH 7.4. 


Solution 2 - 0.25 M sucrose, 1 x 107" M CaCly, 2.5 x 107% ¥ 
HgCls, Oo 025 M histidine, roe Toh. 


One ml. of sedimented cells from 5 dey transplants ere veahed 
twiee with 5 volumes of solution 1, then resuspended to 10 el. with 
solution 1. To this suspension, 0.02 g. of digitonin are added ani the 
mixture is homegenized: 2 minutes in a Potterivah) vtype homogeniacr. 
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All operations are carried cut im the cold (0° - 5°). the suspenaier 

is passed through a Re. 22 hypedermic weedle until most of tne calle 
are broken ami the suciel for the moet pars sre free of adhering 
eytoplesmic ghreis. The number of passes through the needle depenis 
ou the particular cell preparation and the force used to push the 
suspensies through the needle. Cell preparations fram tramsmantea 
moh older than 5 days are much more resistant to breakage. Genersily, 
for 5 Gay transplants, 5 to 10 passes are sufficient to break moet of 
the cel? @ne broken cell suspension is centrifuged at 1600 mmm for 
7 minutes the BUDS era ete solution ie pipetted eff and the nuclear 
sediment is rasuependisd to 10 mi. with selutien 2. The suspension is 
agein passer eat ehoss througn the needle to remove cytoplasmic 
tacs from nuclei and to bresk moat of the remeiming whole cells. After 
censrifugation, the meclei are guspemiled im sclucion 2. Ry repeated 
vashing by resuspension im solution 2, a miclear preparation is obtained 
which is velatively clean. The nuelel in seluéion 2 are remarkably 
steble withstanting repeated wehing and storage in the eold for many 
@aye. Analysis Yer cytechreme exidass ani AFPase activities shewed 

2 to 4 percent of the totel homogenate activity present in the nuclear 
fraction. He ¢vidence thet these nuclel can support oxidative 
phosphorylation was fournl. It vemains to be seen whether tay posdess 
aevivyities im nucleic acid synthesis. 





Modifications of the above procedure have been used to isolate 
nuclei fram normal and regenerating rat liver ami fran Noviketf? 
hepatoma cells. 


Sienifiesance to cancer: A sty of the enzymes involved im DIA 
synthesis in normal and €umer cells may help to provide « basis fer 
understanding the nagure of uncontrolled growth im canueer. Above aki, 
¢he metabolic activities of the cercer coll eppear to be geared to 
DRA symthesis a9 cue of its principal ectivities. 





Puture reeserch: The deoxynucleotide kinase activities of 
various types Gf wormeal and tumor ceils will be investigated with the 
areay method now developed aml attemmts will be made te detemmine sane 
of the conditions which iufluence these activities im ecelis. 
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2. Cellular Blology Section 
3. Bethesda, Md. 


PHS-NIH 


Individual Project Report 


Part Ao - 


Calendar Year 1959 


Project Titles Electron micrescopy of normal and malignant 


Principal 


cells, including studies on viruses. 


Investigator; A. J. Dalton 


Other Investigators: 


Cooperating Unites 


Bryan 


(NCT=420) 


Potter (NCI<427) 
Moloney (NCI=420) 
Meneker (NCI-u16) 
Belkin 


Love 


Sanford (NCI-k28) 
Stewart (NCI=k33) 
Merwin (NCI-i1)) 


Man Years 
Potad. g 


(Calendar year 1959): (Aug. 1 Dee. 1) 


° 


Professionals .5 


Other z 


o33 


Project Descriptions 


(1) The study 6: plasma cell tumors in cellaboration 


with Dre. Molon 


ey and Merwin, begun with Dr. Potter in 1957, 


hag continued without interruption during this interval. Material 


so far analysed 


with the electron microscops includes two Pilgrim 


tumors, two tumors from Dr. Dunn, five obtained by Dr. Merwin end 
one developad by Dr. Potter. Among these, four were "spontaneous", 
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ami six are considered to have been imiuced. Eight tumors arose 
in mice which presumably carried the mammary tumor egent. The 
other two aroge in animals free of this agent. While variations in 
ultrastructural morphology were noted among these tumors, the 
éifferences could not be correlated with the differences in serun 
globulin pattems induced in mice carrying the tumors. A feature 
commen te ali tumors so far examined has been the presence of 
viruge-like particles in the cytoplagm of the tumer cells. The 
particles were feund to be fermed on the membranee of the ende- 
plasmic reticulua, the membranes forming the outer shell of the 
particle. It wae thought at first thet the presence of these 
particles could be correlated with ths fact that all of the tumors 
arese in mice carrying the mammary tumor agent, but their presence 
in cells of tumors arising in mice free ef the agent eliminate 
this possibility. Furthermore, bioassays on cell free extracts 
of several of these tumers can now be considered as having 
demonstrated the ebsence of the mammary tumer agent in the tumors 
tested. The significance of these particles is unknown at present, 
but their regular occurrence in plasma cell tumors and their 
absence from normal plasma celis suggests that they are related 
in geome way to the neoplastic state ef the plasma cells, In 
somnection with this study a search ia continuing for a source of 
human mreloma cells plentiful enough to allow analysis with the 
electron microgcope. In addition, with Dr. Potter a stuly of the 
cytogenssis of plamea cells with the eleetron microscope is under 
Way » 


(2) With Drs. Moloney and Manaker a study ig being carried 
out on the morphology of the Molonsy leukemia agent. This agent 
' has already been characterised tentatively, but further work ia 
' necessary before a definitive description can be given. In the 
material examined sc far the particles considered to be the 
infective agent have not been particularly numerous but they 
have been identified in spleen, lymph usde and thymus of infected 
animals. It is heped that with the use of tissue culture and high 
potency tumors semicquantitative studies may be carried out which 
should enswer the question as to whether er not the particles 
are the infective mits of the Moloney levkenia virus. 


(3) With Dr. Sarah E. Stewart, tissue culture preparations 
.of human amaion and mouse embryo cella which ehow sytepathogenic 
effects following exposures to cell-free extracts of human tumore 
are being examined for the possible presence of virus-like 
garticles. To date three eamples of mtcrial have been examined 
with essentially negative results. 


{kh} A study with Dr. Sanford has just been initiated 


which inciudes an aniysis of a strain ef tissue sulture 
cells gram from salivary gland explants. Theae cellg will be 
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atudied following infection with the polyoma virus and with the 
mammary tumor agent. No results have been obtained to date. 


(5) Dr. Belicin had previously found that S-37 ascites 
cells developed numerous cytoplasmic vacuoles on exposure to 
certain plant polysaccharides. It was considered of interest 
to determine the site of origin of these wacuoles which in turn 
might be a lead indicating the cell components acted upon by the 
polysaccharide. An electron micrescopic analysis has been 
initiated with the aim of settling this point. Preliminary 
results indicate that the vacuoles which become visible with 
the light microscope following treatment with the polysaccharide 
actually are derived at least in part from pre-existing submicro= 
scopie vacuoles present in untreated S-37 cells. Many of these 
pre-existing vacuoles contain virus-like particles in various 
stages of development and seme of the enlarged vacuoles of the 
treated cells were found to contain virus-like particles showing 
merphelogic evidense of degenerative change. It is hoped that 
future studies involving variations in length of exposure to and 
concentration of polysaccharide will determine whether or not 
these preliminary observations are consistent and significant 
and whether the action of the pilysaccharides is specifically 
at the site of virus formation. 


(6) Dr. Love has developed a technique involving 
staining with a methylene blue-molybdate solution which 
visualizes different components of the nucleus and cytoplasm 
depending upon the length of time cells are exposed to the 
solution. Since molybdenum is a relatively heavy metal, it 
was considered worthwhile to test whether these differences 
in staining reaction observable with ths light microscope could 
be observed in greater detail and with more accuracy with the 
electron microscope. Material has been harvested for this study. 
However, no observations have been made to date. 


(7) A program has been proposed which, in eollaberation 
with Dr. Ray Bryan, would involwe the sereening of pellets of 
extracts of human tumers with the electron microscope to determina 
the presence cr absence of virus-like particles in these tumors. 
The program envisages the use of the electron micrescope as a 
primary screening tool in this study. The work invelved would 
be well beyond the capabilities of the unit as it exists at pregent. 
The only way in whieh this program could be activated without 
adverasly affecting cther research would be to recruit additional 
pergomel and to purchase mere equipment. Further detailed 
discuesion fellewed by administrative commitments regarding 
recruitment 2¢. technical help and purchese of additional 
equipment will be necessary before this program can be initdated. 
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: PHS -HIH 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, end Publications 


Publications other than abstracts from this project: 


Gatenby, J» B. and Dalton, A. J.: Spermiogenesis 
in Lumbricua herculeus. An electron microscope study. 


Jo Biophys. Biochem, Cytol. 6: 5-52, 1959. 


Copeland, D, E. amd Dalton, A. J.3 An association 
between mitechendria and the endoplasmic reticulum in 
cells of the pseudobranch gland of a Telecst. 

J. Blophya. Biochem, Gytol. 5: 395-356, 1959. 


Woodside, G@ L. and Dalten, A. J.: The ultrastructure 
ef ime tiseus fren newborn and embryo mice. J. 
Ultrastructure Ras. 2: 28-5), 1958. 


Honers and Awards relating to this project: 


President, New York Seciety of Electron Micreacopists, 
1959-60. 
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1. Iagboratery of Molegy 


2. Celiutar Biology Sesticna 
3 RBetheeda, Pa. 
PES-EIS 
Individual Project Report 
Calendar Year 1959 
Paré Ao 


Project Title: Beoxyribese-canteining compounds in normal, 
regenerating ani eancer tissues. 


Principal Investigator: Walter C. Schneider 
Other Investigators: Jean Rotherham 
Cooperating Unite: None 

Man Years (calendar year 1959): 


Fotal: 3 
Professiomal: e 
Fotals i 


Project Deseriptien: 


Gojectives: To isolate and identify the deoxyritonucleosides 
ani deoxyribonucleotides present im nomnel and cancer tissues and to 
determine the metabolic pathways in which they are involved exd their 
relaticaship to the syuthesis of deoxyribonucleic acid (DMA). 


Methods: The deoxyribosidic compounds are separated from tissue 
proteins and D and DSA by making cold ecid extracts of the tissues. The 
tissues are removed under anesthesia and frosen immedietely in liquid 
nitrogen to prevent awtolytic changes. 


fee deoxyrlbosidic compounds present in the acid soluble extract 
ere isolated using paper and column chromatography and paper elertro- 
phoresis. The isolated compounds are identified by means cf absorpiica - 
spectra, chrometegraphie ani electrophoretic behavier, and celerimetric 
ana micyobiologieal reactions. — 


Routine assays of deoxyribosidic compounds vere mede with the 
organism, L. acidophilus Re26, which specifically requires these come 
pounds for growsh. Urine samples vere collected daily in modified 
plastie cages, which were autoclaved each day. The urine samples vere 
flitered and treated with perchloric acid prior to ths measurement of 
édeoxyribosidic compounds. fhe campounds present in the urine vere 
purifies chramtographically. 
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or eteled dsoxyeytidine was prepared fram eommercial eytiding-2-cl" 
ang Geoxyinosine using a Caer eons present in extracts of 
- acidophilus R-26. ‘he dsoxyeytidine-2-C! bo forma vas purified 
chromategraphically and demonstrated to be homogeneous rediiechemicelly 
eerie to entirely of deoxycytidine om the basis ef micrediological 
ae Fo 









Our main sbject in studying the ovineary 

“iso mupoumds was to determine viether these 
Borne Come 5 een Gite Alet or - intestinal flora and wrather the 
animal can uhilize them in situations where repid DNA synthesis is 
necesesry (presence of a tumor or regenerating liver). Although these 
studies have been complicated not caly by technical difficulties as 
well as by variations in individual excretion patterns, the following 
tentative conclusions have teen reached. 


1. The deoxyribosidie compounds in the uriae are not derived 
entirely from dietary constituents. This was show by studies 
on fasted rats and on rats fed a chemically defined, soluble 
amino acid diet (kin@ly furnished ty Dr. Milton Winitz). 


2. These compounds are not produced by orgaiiems in the 
intestinal tract, simce they were excreted in the urine of 
gers free animals. 


3. After partial hepatectomy, the exeretion of deoxyribosidic 
compounds appears to decline and reaches e alnimm level 2-3 
@ays after the operation. Since this did not occur in rats 
which were Separctomized ami implanted with a liver lobe 

from another animal, i¢ would appear thet during the period 

ia which DRA is being rapidly synthesized in the liver the 
deoxyribosidic easpounds nommlly excreted in the urine are 
aiverted into synthetic pathusys. Unfertunmately, this e:cre= 
tica pattern wes not observed in 100 percent of the hepebectanized 
Frets studied end thus edditional exerinents will be necessary 
so determine why this was not tre. 


hk, Im the ease of rats bearing transplants of the Novikofr 
hepetema, the urinary exegetion elso eppears to be cecreased 
at a time when the tumor is growing most repidly. ere again, 
however, there were exeeptions to this conclusion. 


5. Studies on the identity of the urinary compounds, although 
incomplete, indicate that the major cempound predent is 
égoxyeytidine and thet miner emounts of deoxyuridine and an 
wualdentified nucleotide material are also excreted. 
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B. ae stuiies. It was hoped that the identification of the 
deoxynuelectides presext im tissues could be facilitated 1, whe use of 
& specific precurser of DRA, deoxycytidine, labeled with 2 Such 
experiments were also ingicated by our previous findings that this 
pyrimidine nucleoside is found in many tissuss, including tusors, as 
the major deoxyribosidic component. The use of this precursor could 
then be expected to elucidate the pathways involved in the synthesis 
of pyrimidine DNA nucleotides im a straightforward manner. 


Astempts to use this precursor in vivo have been abandoned 
temporarily because the injected material was found to be aincst 
uniformly distributed throughout the body of the animal. Thus the 
enount of radicactivity localisea in a single tissue was tco lew to 
wake isclation worthwhile. In omer to circumvent this preblem, the 
use of deoxycytidine with a much higher specific activity vould be 
‘needed. For this purpose, deoxycytidine lebeled with tritiua ves 
ordered from an outside contractor. After a six month delay we were 
informed that the manufacturer hed been unable to prepare the mterial. 
However, the manufacturer was not the ene ve originally specified and 
the material is teing reordered. 





in the meantims, several in vitro experiments have been made 
using labeled deoxycytidine. Suspensions of a C3H ascites hepatems 
were incubated with the lebsled material and the preducts isoleted amd 
identified. The DHA of the cells became labeled progressively during 
these experiments. In the first exerimemts, the cells were incubated 
in the ascitic fluid bscause this was thought to be nore physiological. 
However, the suspensions repidly became acid and thes radicective 
products formed indicated thet degradation was occurring. — 


X@ was found that oa more suitable incubation medium consisted 
of a buffered isotenic salts solution. In this medium, the main product 
formed wes the nucleoside, deoxyuridime. Thymidine end uracil vere 
aiso formed but at a level one-fifth as great. The specific activity 
of the compounds isolated showed that the deoxycytidine adé@ei and the 
deoxyuridine formed became progressively more aetuce eens the 
incubation. This indicated that there is an endogenc 
Geoxycytidine in these ceils. 





Aithoughn only smell amounts of radicactivity were feund in the 
nucleotide fraction of these celis, it was sufficient to iselate and 
purify these compounds. These studies, although incamplete, indicate thet 
there may be 14 or more Geoxynucisotides present. The spectra of these 
cempounds indicate thet 6 contein decxycytidine, 1 deoxyuridine and 
1 thymidine. The rest have not been sufficiently purified to obtain 
spectra. 





Pumetion oF Shaws compass, unich were Leslated lest year Pato the 
Yovikor’ hepatoma, it is neceasary to heave redicactive preperstians 
of these compoumis. Such preparetions would elso be very useful in 
determining tne presence and concentration of these compounds in other 
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tissues. In ccllaboretion vik oes Dr. John Weishurger, the synthesis 
of phosphesthenolemine-1,2 (PRA has been completed end the 
syathesis of the phosphocholine (PC) azaleg is in progress. The 
synthesis of dsoxycytidine triphosphate (4CEP) (unlebsled) has alse 
been completed. Since these compounds are now evailable, the 

enzymatic syathesis of A€CDP-C and d€DP-E by normal and tumor tissues can 
now begin. 


fre chemical synthesis of the latter compounds hes never 
been very satisfactory due to low ylelds and side reactions. in 
orvésr to make full uss of the redicective materials, some of the 
newer matheds of Khorama, by means of which these cceapounds could 
be mage, axe being investigates. The results ¢o date are inconclusive. 


enificance to sancer research The fact that the synthesis 
of DNA is one of the obligatory eeaet ions in the production of 

new cells, both normal and malignent, has focused the attention of 
more and more investigatersa on the study of thie mique cellular 
meterial. The elucidation of the veactiens by whieh DHA is fomed is 
thus considered te be one of the most important problems in cancer 
research today. 


fhe experizsnts deseribed ebove are highly rekevent to these 
studies. The urinary excretion studies suggest that tumors and 
other growing tissues may call wpen the dsoxycytidine present in the 
tissues and circulating in the bleod as e building bleck for DNA 
synthesis. The in vitro experiments show that eat least ome tumor 
eell is capable of making its om deosyeytidine. Whether this 
eepabilisy is shered by other cells or whether this ability fulfills 
poe care remaee of the tumor cell is not know. These are, however, 
portent questions which must be resolved before the control of 
DEA synthesis, and hemce, of cell multiplication, can be satisfactorily 
approached. fhe identity of the deoxymucleotides presen? in the 
geld soluble extracts of tissues is also important fron this standpoint. 
rimidine Seonymmel octane): mow 
know, 5 contain deonycytidine, 3, deosyuridine and 3, thywldine 
€his suggests that there may be same new deoxymucleotides in the 
hepatoma since the isotopic experiments indicated the presence of 
1h components. 
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Proposed course: The urinary excretion studies will be con- 
Ginued. Te is hoped. anak during thé mext year it will be possible 
to resolve some of the inconsistencies that have been puecrves and 
to decide whether the animal can, in reality, use endegam 
aeoxyribosigic campountis for DAA synthesis in tumors ana ragensrating 


Liver. 








fhe work on the purification of the radicactive mucleatides 
will comtimse. Eesides the determinstion of the identity of these 
Sapiaouds ? a will be important to know the specific activity of 
pounds poceuae the aoe will enable a decision ts be made 
moounde im the synthesis of DA. 





Both the chemical ani enzymatic synthesis of aCDP-C and 
aCDP-E will be stwdie’. The enzygatic formation of these compounis 
is especially inporteaut because their presence in the hapatona 
indicates that the tumor hes a better mechaniem for their formtion 
than dess nomaal liver, from which they appear to be absent or 
present in mich lower concentration. The pathways by which these 
compoumis are wellized will alse be studied to deeide whether the 
presence of these compoumis in the tumor is due to overpreducticon 
or inefficient utiiization. 
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Fee -EIE 
Individual Project Repert 
Calendar Year 1959 


Part B. Honors, Avards, ami Publications. 
Publications other than abstracts from this project: 
Schneider, Walter C.: NMitechendrial metabolisa. Im 


Aadvences in Enzyzology 21: 1-72, F. F. Kord, ed. 
Interecience Publishers, Rew Yoris, 1959. 
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Serial Ko. HCI-k08 
i. Iaboratery of Biolegy 
2. Celiuler Biology Section 
3- Bethesda, Mi. 


PRR 
Iniividual Project Esport 
Calendar Year 1959 
Paxt Ao 
Project Mele: Studies on lymphocytic tumers 
Principal Investigator: Emza Skelton 
Other Investigators: Wary Rice 
Sesperabing Units: Mone 
Men Years (caleaiar year 1959): 
Petal: 


Professional 2 
Others 5 


° 


Project Description: 


Objectives: To study the phrsiolegy and moxphology of lyapho- 
eytic tumor cells and their relationship to the nozmmal cells of the 
host animal. The behavior of the tumor cells is an integration of 
biclegical factors such as, growth rats, lecemotion vate, metabclisn, 
immunologicsl properties, and the imtearation of these factors must be 
considered egainst the background of host influence. It is the purpase 
of these studies to attempt to sort out and examine separately same of 
these factors in order to assess more properly the relationship 
betusen tumor cells and the normal cells of the host. 


Methods: fhe basic biclogical tool used in these studies is the 
ascites tumor. The free cells of the peritomeal fluid of the mouse 
were studied as representing the noxmeal tissue that is in comtact with 
the ascites celis. 


Specific methwie: (1) Bouble diffusion ehanber: For details 
of construction and use, see 1957 annval report. The cells and fluid 
iu the @iffusien chamber vere analyzed by--(2) Histochemical metheds-- 
for conmactive tissue end elements meking up the imtracelluler matrix, 
(3) Paper chromatography--for hydzoxyproline, the wilgue constituent 
of collagen, (4) Electron microscopy--af collagen fibers and cell 
ULtrastrucvuxreE . 
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Results: 


1. Grovth and modulation of nomel cells in diffusion chambers: 
In obtain coacrete information ahouws the behavior of normal 
eelis in the presence of tumor cells, the behavior of nermal cells 
alone ves studied. In so doing we found ourselves drawn into a 60- 
year-old polemic--reluctantly at first snd then with enthusiaen. We 
believe that we have the means at hand to eolve conclusively the 
probles of the fate and fumetion ef the free celis of the resiculo- 
emiothelial systen. 


fhe diffusion chamber technique has provided neu eviderce in 
gupport of the lymphocyte-to-fibroblast transformation. The technique 
has permitted us (a) te grow cells of known number and type for long 
periods of time in an isologous or heterologovs enviroment, (b) to 
examine cell reletionships in stained, whole-moumt preparations, and 
(ce) to enslyze chemically the contents of the chambers. When the free 
celis of the peritoneal fluid of mice are grown in diffusion chambers, 
trensfomiations cceur which lead to the fommation of an crgenized 
tissue. The lymphocyte modulates into an indifferent cell which, in 
tum, has the capacity to become a fibroblast or plasma cell. ‘the 
macrophage also appears to have the same capacity.  Granulecytopolesis 
occurs in the chambers end mast cells ere still present efter 140 days. 
Coliegen was identified in the chambers efter the cells had grown for 
two weeks and the collagen content of the chambers continued to increase 
with time. 


There is veason to assume thet in the animal the free cells cf the 
reticulo-enéothelial system are responsive to the ever-changing snviron- 
ment that they encounter by virtue of their mobility, and that they 
would respond to the abmomzal envircument created by ea wound, a tumor, 
infection, or metabolic disturvence in a mamner not unlike that observed 
im the diffusion chamber. 






through cellulose @ menbfane filters: in SSS ESE reported work, it 
vas Seated that tumor cells were not able to penetrate cellulese 
meabrane Pilters (Type AA} having am average pore size of 0.8 u. 
More recent studies have caused us ta vevise this statement. 





fhe eelis of the highly invasive Li210 tusor penetrated the 
SA Lilter 100 percent of the time efter 30 days' growth in the chamber 
(40 chembers) and established a visible smoumt of srowth on the 
"non-eeli side" ef the chamber. he velatively non-invasive tuxor, 
Igi, vas not eble to establish visible growth on the nomecell gids 
of the chenbers by 120 days (40 chembers) but in one chamber 143 
cells were microscopically visible on the acnecell side ef the stained 
center filter. Homeal celis introduced into the chambers with the 
ig tumor calls were able te penetrate the center “iter and vere found 
om the pometeli side of the chambers. In addition, there were a 
Gf roUmgedeup cell ghoste foun consistently, these were probubly dead 
tumor eelis. 
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fue results demonstrates that two tumor populations, given an 
equal chance, may or msy mot be able to penstrate am artificial varrier 
and establish growth at a Gistant site. This difference in the capacity 
ef cell populations to survive may operate in aiding or bisdering the 
establishment of new sites of growth by these tumors while they are 
groving in the host. 


3. Behavior of tuner cells when growm on explants of comective 
tissue in d@ifsusion chembers: We bave reported. previously thet none) 
peritoneal cells behaved differently in the diffusion chamber accoriing 
to the tamor thaté was grown with thee. Im the case of the “invasive” 
tumors ie and 11210, the normal cells ami tumor celis appeared to 
grow independently, but in the case of the “non-invasive” tumors [gl 
and P353, there wes a definite association between the two cell typss 
in whieh the tumor celis grew in definite clumps that vere surromded — 
and enclosed by the nowmal celis. 








We have followed up this observetion by growing 11210 and If together 
with explants ef noxmmal commective im the same cheaber. The fibroblasts 
of the subewtansous fet pads of the mouse grow luxuriently in the 
diffusion chanber. By introducing ascites cells into the same chamber 
with the fibroblasts, the relationships between the two cell types could 
be studied. The results of this experiment vere striking. Examination 
of the stained filters on which the cells grew shoved that there was 
absolutely no essociation between the invasive LiciO celis and the cotie 
nective tissues fibreblasts. The twmor celle grew as free fleating, 
independent entities. The cells of the non-invasive If] grew in 
intimate association with the comnective tissue fibroblasts. When the 
edge of the fibroblastic growth stopped, the tumor ceil growth else 
stepped. In many places the advencing edge of the growing cennective 
tissue sheet was akead of the tumor cell growth. We hope to oxscere 
furtner the reasons for this extraordinary behavior. 





gaificance to cancer research: The lymphccytic leukemias in 
mice very closely resemble the lymphocytic leukemias in man. The further 
elucidation of the characteristies of the disease in mice should have 

@ Givect bearing upon the disease in man. 





Propesed course of the project: (1) Investigation of ths 
veletionship between normal cells en’ malignant lysphecytes growa in 
aigfusion chaxbers will continue. Specifically we would like te isolate 
and grow as pure lines the normal lymphocyte, macrophage, polymorphonucleer 
leusosyte, and the mast celle. We would like to isolate and grow tumor 
ecelis that are uncontaminated by moxwal cells. The chambers are come 
atructed in suck = way that it is possible to isolate the cells fran 
seme OF its products. We hope to leam semething of the celis' 
mateavolisn by studying its products. 
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Phe objectives outlined in (1) will probably keep us busy 
during the coming year but if we heave time amd space, one or several 
ef the following lines will be pursuséd. 


(2) Speed and mode of lecamstien of normal end malignant 
lymphocytes. 


(3) Electron microscope study of relationships between the 
malignant lymphocyte and cells of the invaded tissue. 


(4) A study of the surface charge of norms] end aalisnant 
lyaphocytes by ebservation ef their mobility in an electric field. 


{5} Electron microscopy of collagen preduction and the 
effect therson of the presence of tumor cells. 


Part B included: ¥Yes X 
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Tndividusal Project Repors 
Calendar Year 1959 


Part B. Honors, Averds, and Publications 


Publications other than abstracts from this project: 

Skelten, 5. and Rice, M. B.: Relaties of invesive capacity to 
peseege of iympbecytice cells through cellulese membrane 
filters. Eeture 164: 479-k80, 1959. 


Bhelten, S. ami Dalton, A. J.: Electron microscopy of emeripolesis. 
Jour. Biophys. and Biechem. Cytology 6: December 1959. 
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Serial No. _ HOI-LO9 at ae 
Se 
2. Cellular Biology Section 
3. Bethesda, Md. 





PHS -NI = 
Individual Project Report 
Calendar Year 1959 


Part A. 


Freject Title; Electron microscope studies on various 
normal, virus associated and malignant 
eells. 


Princiveal Investigator: Robert F. Zeigel 
Other Investigators: 


KM. F. Stanten 

R. A. Manaker (NCT-l16) 
Wo Ro Bryan (WCT<20) 
A. R. Yoinberg 

Ro. W. Hexdler 


Cooperating Units: 

NCIs Laboratory of Biology, Laberatoryef Biochemistry, 
Laboratery of Clinical Pharmacology; NIAMD: 
Clinical Endocrinolegy Branch; NHI: Laboratory 
of Cellular Phyalelogy and Metabolisn. 


Man Years (calendar year 1959) 
11/3 


Total 
Professional; 2 VE 
Others 1/2 


Project Description: 


Part one. A major pertion of our timo and effort was 
spent in preparing and examining tissues from the Bovine 
Ocular Squamous carcinema. Thia study began with the 
epilectien of the tisaue from Hereford cous at Bay Manor 
Farm in Lewes, Del. and from the Walter Reed experimental 
farm in Meryland. The cooperation of the ranch foreman 
and his staff was greatly appreciated. fhe tissue was 
fixed, embedded and examined. Portions of the 
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tissue were taken for tissue culture work by Dr. Manaker 

and for the concentration of the microsomal and possible 
virus fraction by Dr. W. R. Bryan. Parts of the tissue 
thich presumably represented the early plaques in the highly 
keritinized epithelium were stored in glycerine for a period 
of time before fixation, This treatment is reported to aid 
in the preparation of this difficult tissue for sectioning 
while preserving any viable virus particles which might be 
present. After a considerable amount of micrescopy was 
performed it was decided that in the particular tissue examined 
particles with the morphology of viruses were not present and 
that further efforts to visualize them were not warranted. 


Part two involved the study of virus production in pan-= 
creatic acinar cells of a young chick. Previous observations 
on the virus particles concerned with lymphomatosis and the 
Rous virus indicate a very different pattern of formation. 
The observations made in this study indicate the possibility 
that many diverse tissues may be concerned with the patterns 
of virus behayior and reproductive cycle. Much more work has 
yet to be done to elutidate this problem. However, a brief 
paper is in the process of being written to document this 
finding. 


Part thrse, now under way, is an attempt to rework, with 
more up to date techniques, a study begun by Dr. Dalton and 
Dr. R. Hendler on the albumen glands of the chicken oviduct. 
Staining techniques should enhance and aid in the localization 
and identification of active regions of the cells. Hopefully, 
this study will comtribute to a better understanding of the 
secretory cycle of this copiously produced proteinaceous 
substance. 


Part four is a preliminary study concerning the effect 
produced by the incubation in various concentration of insulin 
on fatty tissue from a diabetic patient. It appears that 
increments in the titers of insulin produce an increase 
in the number and size ef pinesytotic-like vesicles in the 
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membranes and cytoplagm of the fat cells. It is hoped that 
further studies may confirm the hypothesis that, in part at 
least, insulin pleys some role in allowing blood sugar to 
enter the various cells of the bedy, presumably as a membrane 
effect on the end organ. This study was begun with Dr. A. 
Weinberg. 


Part five cencers some preliminary observations on 
millipore-filter chambered ealis of studies erganized by 
Dr. E. Shelten, This appreach should be a fertile one from 
the point of view of elucidating the details of cyto-differ- 
entigtion of some of the cells of the hemopoietic series. 
fhis work is being held in abeyance 2t present. 


Pert six. In a comprehensive study of microsomal fractions 
of Nevikoff Hepatema cells, a co-authorship in a paper with 
Dr. E. Kuff has resulted. A large number of variously prepared 
specimens were examinad end photographed. It is beliewed that 
some insight into the basic building blecks of cytology may be 
gained through this and similer studies, This type of study, 
previously pursued by Dr. Kuff and Dr. Dalton and members of 
the Section, is basic to the ultimate concept of cellular 
morphology and physiology. It is at this level of endeavor 
that these two terms become virtuelly synonomous. 


Part seven involved the testing and stendardization of 
&@ new lead hydroxide staining technicue suggested by Dr. Dalton. 
A short note for publication resulted, 


Part eight is concerned with the development of a doctorate 
thesis, parts of which are being prepared for publication. 


Part nine. During Dr. Dalton'’s absence considerable time 
anc energy was spent in supervising and attempting to ccordinate 
the instalation of a new electron microscope and other 
laboratory equipment which should facilitate and aid the 
working conditions of the laboratory. 


Part B included Yes Wo X 
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Rees de lee a Oo UN et Wel 
1. Laboratory of Biclogy 
2. Cellular Biology Section 
3. Bethesda, Ma. 
PHS -HIR 
individual Project Repart 
Calendar Year 1959 
Part A. 
Project title: Diffusion chamber and transparent chamber research 
Principal Investigators: Ruth WM. Mermrin 
Other Investigators: Thelma Dunn 
Cooperating Units: Hone 


Men Years Soar Ned 1959): 


Total: 
Professional: 2 
Ochers: 2 


Projeet description: 
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Problem 1--Induction of plasma-cel) twaors: Ruth Merwin anid Thelma Duna 

Objectives: The object of these studies was to determine vhy 
plasma-cell tumors arose in BALB/c mice carrying intraperitoneal dif- 
fusion chembers which contained C35 mammary-tumor tissue. Experiments 
were set up to try to Pind out which of the many factors present vere 
essential for the induction of the tumors. Sueh factors ag the 
following were considered: the chember itself, the homolegous and 
tumserous mature of the tissue within the chember, the presence of the 
mammary tumor agent in the tissue in the chamber. (Dr. Dalton found 
virus-like particles in the induced plasma-cell tumors suggesting thst 
@ virus might be involved in the tumor induction). 


Methods: Diffusion chambers were implanted as blanks or cone 
tsining various types of tissues. Metheds that would extract and con- 
eentrate any virus particles present im the tumor cells were exmiloyed 
to obtein preparations which were assayed for the presence of virus 
by injecting thea into zevborm mice. 





Major findings: The most importent finding so far is that a 
Dlank chember can induce a plasma cell tumor. This finding mekes it 
seem less likely that a virus plays an important role in inducing 
the tumors. (See reports by Drs. Fahey and Potter on studies made 
with these induced plasma cell tumors). 


Proposed_course: To determine why the blank chambers induce 
the cunors. The possibilities considered are that the chamber or some 
pert of it may act 8s an «i fuvans or as an antigen or both or thet the 
chamber may act ag an izritent or that the type of cereinogenic stimulus 
esugsing the sarcones, which also arise in these experiments, may effect 
the plsgme celis. 
569 
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Significence to camcer yvesearch: These tumors are similer to 
multiple myeloma tumors im man. Ome of the tumors is of particular 
interest because it causes an ehaormal protein to appear in the urine 
just as certain human syeloma tumors do. 








2-chntigenicity of plasm cell tissue in isologovs nosts. 





Objective: The object of these experiments was to find ous 
vhether plasma Seis ere antigenic im mice of the strain of origin of 
the tuwzor. This seemed a possibility since in C3H mice the tumors do not 
take in 100 percent of the hosts and since virus-like particles have 
been observed im the cells an@ also simce the celis form an abnorzal 
protein. 


Methods: Diffusion chambers containing plasma cells were placed 
in hyserimmme hosts. 





Significance to cancer research: This antigenic disference 


between host and tumor might he exploited in trying to find a method for 
controlling the growth of this type of tumor. 


Proposed course: To repeat the test using plasma cell tumors 
that have arisen in the experiments reported in the first problen. 
Preliminary experiments infiicated that a good ascites form of the 
tumors is needed and theses are being developed. 


Problem %--Virus studies. 


Objective: I seemed possible that tumor viruses might be more 
infective waen tissus conteiniag thea was placed in diffusion chambers. 
The virus in the chamber aight te less effected by host reactions (just 
as heterologous tissue within the chambers survives much longer than 
when placed directly in contact with hos" tissues) end that the chamber 
might thus serve as a long combinued sourc: of virus. 


Methods: Diffusion chanibers were used. 


jor findings: The mammary tumor agent dcea not seem to be any 
more infective when incide the diffusion chamber than when an equal amount 
of infected tissue is placed in em open chamber. 


Significance to comeer research: If viruses were more infective 
when placed in chambers Te migot provide a better method than those 
available for tumor-virus assay. 





Proposed course: fo see vhether other tumor inducing viruses 


act like the mammary tumor agent. 
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problem hears study - the effect of locel x-izradiabion on x-ray 
Ae NS ER ITB PETTITT HE Set SS 


Tfesistens cumors. cree ai ; 


Objectives; The lumediate objective is to tes: the sarcomas 
arising in the experiments deser ited in problem L to see if one can 
be found that wlll be rediosresistents when it is still. smell enough 
to be observed in transparent chambers. Sarcomas tested previously 
have been found to be redlosensitive vhen they are small although 
resistant when Larger. 


Methods: fumers in transparent chenmbers were opserved. 

Major findings: None. 

iS) ficance £0 cancer research: To help in understanding 
the interaction between radio-resistans tumor cells and relatively 


radio=-sensitive host blood vessels in the responss of certain 
mors to treatment with x-irradiation. 
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Individual Project Report 
Calendar Year 2959 
Pars B. Honors, Avanmis, and Publications. 
Publications: 
Mervin, R. M. and Algire, @ H.: Induction of plagma-cell neoplasms 


and fibrosarcomas im BALB/c mice carrying diffusion chambers. 
Pro. See. Exper. Biol. Med. 101: L372k39, 1959 - 
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PRS-Hie 
in@ividual Project Rspers 
Calendar Year 1959 


Part fe 


Project Title: Investigation of the role of genes and their 
reletionship te nonegemetic factors in the 
gevelommen’ oF cancez. 


Principal Investigator: W. EB. Hestan 


Other Investigators: Margaret EK. Deringer, George Viahakis, 
amd Arnoid W. Pratt 


Cooperating Units: EcI-k22 


Man Years (calendar year 1959): 
Togal: 6 
Professionsi: 2 
Other: h 


Project Deseriptien: 


Objectives: To ascertain the vole of genes in the development of 
tamors im mice and to relate the genetic effects with those of ¢ther 
biolegical, chemical er physical agents in the causation of cancer in mice. 
fo identify aml locate specific genes influencing the occurrence of 
the various kinds of tumors and to determine the gene-action pathways 
through which their effects become manifest. 


Methods: We continue te use mice exclusively as our experimental 
animgls. We are carrying § strains including C3B--e high mamnary-twnor 
and high hepatema strain, C3Hf--like C3H tut without the momary-tumor 
assent, A-chish lung tuzor and high maumery tumor strein, YER--that 
carries the lethal yellow gene, CO7BL and C57L--low mammary-timor end 
Low lung-tumor strains, [G<--the strein with very large tedy size, and 
Gai--the strain that Dr. Psubura brought fram Japan and thet has 2 
relatively high Incidence of mammary tumors. In addition we have the 
muvent stock Veb that carries the recessive gene chese and alsc carries 
piebald. 


Breeding techniques are used te produce desired hybrid geneve 
tions in which segresation of the rather interesting genes a ae 
can be observed, aud the occusremse of tumors Is: observed in the 
various segregants. All animels ere autopsied. In the momsary 
tumor work the animals are killed efter the mammary tumor has appeared, 
but in the pulmonery tumor vork and seme of the studies on hepete 

the anineis are killed at specific ages. All unusual tumors, and « 
meumaxy tumors evising in the absence of the mammary Gunor agent 


See 
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ehecked wlth histalegice eectionn » SUS uUtguestionable mammary tumors, 
hepatomas and pulmonary tumors are nos routinely sectioned since 

this would cvertax the sectioning weit. The pulmowary tumors are 
routinely counted wiler the dissecting microscope efter the lunge 
bave been infleted with fimative. Fosterenursing is employed to add 
ci eliminate the moumary mor agent, ami carcinogens are injected or 
fea in appropriate dispersions cr solutions. Im the exygen studies 
exposuzes heve been carried out im metebolic chambers especially 
designe’ by Dr. Azmold W. Pratt. Date are analyzed with aeceptable 
tests for significance and correlation procedures. 


Mejor Findings: The rether extensive project to study further 
the genetic control of the mamsary tumor agent or virus in crosses 
betueen C3H ani CS7EL has been completed and the results presented for 
publication. Gane control over the propagation of the agent was con- 
firmed, but the segregation data did not support en interpretation of 
@ingle gene comtrol, but suggested that the egent can be propagate2 
in the presence of ome or more of several genes. The segregation of 
these genes as revealed in the oceurrence of mammary tumors in 
appropriete Yfoster=-nursed test C3H¥ and C3He females was not apparent 
iu the first backcross where it might bave been expected but instead 
in the sssend backeress. Tus, a Pemle lecking any of the genes for 
propagating the agent’ apparestly dees not eliminste the agent but 
there is no multiplicetion of the agemt and through dilution it is 
dest in subsequent generations. There was evidence thet females that 
do propagate and tremsmit the agent can vary in the quality or quantity 
of the agent produced presumably depending upon the number they have 
ef the genes for propageting the agent. mors other than mammary 
RMOTS were also tabuleted. Of thase, hepatomas were the most fre- 
quently oceurging tumoss in the C3BY and C3Me test groups, and 
reticulum cali tumors were the most frequemély occurring tumors of tke 
hybrid groups. Reticulum cell tuovs occurred in as high as 26 nereent’ 
of the second backcreass graup. 


The study on the effect of wrethan om hepatenes in males of 
strains C3H, Coty, and C3he mice was completed during the year, and 
the results vere accepted for publication. A surprisingly high 
incidensa of hepatomas was found im these thaee strains, ani the 
geeurrence oY the tumors was significantly imcreesed with urethan. 
Other tumors or lesions indueed with the urethen were pulmonary tumors 
ana hemorrhagic lesiens seme of which were evidently hemanglo- 
ermothelionas in the liver. These henorrhagic lesions semetines do, 
however, cecur without urethan. The increase in "spontaneous" 
hepatemnzs that we nave chgerved Im ow C38 lines has umigubtedly 
been due in pext to a gezetic change in the strain. Fart of tke 
imerease, however, bas been due te a change im Giet. C3EP males fed 
Purine Leboratory Chow had a algnificanthy lower occurrence of 
hepatanmes than dia those Yea the BUT pellets, the dies we now 
routinely fea to cur coleny. Im veletion te this ve have alse 
wecorded greater growth with the BCI pellets than with the Purine 
fuot. The presence or absence Gf the mammary tumor agent bed no 
effect upon the cceusrence of the hepstemes. 
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Further results have been obtained on the effeets of spseific 
genes on pulssomary Gumors, masmary gland tumors end hepatomas. 

All of the C3HY F, breeding end virgin females for studying the 
eptecs of the lethal yellow gene om memmary tumors have now been 
autepsied. Ghere wes very litele difference between the yellow end 
the agouti breeders. Of the 106 yellow breeding females 98 percent 
developed mamesry vumors &% an average age of 7-9 months, ami of the 
106 egouti breeding females S97 percent developed mammary tumors at 
an average ege of 6.4 months. In the virgin females there vas very 
little difSeremce im imcidence of tumors, but the tumors cawe up at 
a mveh later age in the agouti females. Of the &8 yellow virgia 
females 100 pereent developed maumary tugors at an average age of 
§.1 months, and of the 111 agouti virgin females 96 percent developed 
mammary tumors at an average age of 15.2 months. Thus, it appears 
that the difference caused by thie gene is basically a hormonal. 
difference which can be seen in the virgin females, but this hormonal 
éifference is obliterated by breeding the females. It should be 
noted that these data confima Little's earlier observation that the 
yellow females had their tumors earlier, but do not confirm his 
eogervation that the Pinal imeidenmce in the yellows vas lower than 
thet in the non-yellows which had always seemed improbable to us. 
fhe fect that approximately 100 percent of the females of all groves 
in ouv experiment bed tumors indicates the good health waintained in 
ous eniesls, and this exy in part account for the difference between 
the tvo experiments. 


Dete collected during the year indleate a positive effect of 
the lethal yellow gene alse om the cceurrence of spontansous hepatoms 
Fhis has seem show: in F, hybrid males from erosses between strains 
C3H and YOR. Preliminsry calevlatienus were made only on the deta fron 
males thet lived to the 16 months of age set for autopsy. Gf the 63 
yellew males 100 percent hed hepatomas, vhereas of the 94 agouti males 
38 percent bad hepatemes. An even greater difference wae shown in 
whe average mauber of hepatomas pex animal. The yellow males averaged 
3 hepetemas per animal: anki the egoutl males everaged only 2.02. 

Eé bas been known thet the lethal yellow gene increases body veight 
and it did in this experiment. In addition total body length and 
length of the femur were measured anil the gastrocnemius muscle was 
Weighed. in animals of this age the muscle weights were not 
gatisfactory for correlation analyses out the skeletal measurexen' 

vere. In the combined groups there vas a positive correlation net ae 2) 
eccurrence of hepatomas and eack ef the three maasurements, body 
weight, body length, end length of femur. 


; fous the lethal yellow gane ci the mouse bas been shown to 

increase the occurrence of pulmonary tumors, mammary tumors, ani 
hepatomas. Thece data extend the suggestion that many of these 
spscifie genes effecting occurrence of the various tumera do so 
through processes also relateé to normel crovth as measured in 
sheletel and muscular development but net as measured ia boty. Wwe den 
greatly effected by adipose tissue. 
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The gtuwiky of the effect a2 enyyer tenaionm om induction of 


 suimonexy Sumors in atrain A mice duze in cooperation with 


Dir, Aruclad W. Pratt has teen somewhat retarted owing to shortage ef 


Stysin A mies. However, soma progress bas been made during the 


yeas in dose-response studies. We have found elmost a perfect straight 
ling relationship between nuuber of induced pulmonary tumors and 
conceztraticn of oxygen to which the eniseis were exposed for the 

four concentrations, 100 sercent, 4O percent, 21 percemt (sir), and 

8 percent. 


, Sigpiticance to the program of the Institute: This program 
is cont iinet Gowasd & mare thorough ‘Uumlerstand ing of the etislegy 
of cancer. The progres cuphesizes the limortence of genes in eticlegy 
even to the Bence of measuring effects of specific genes upon a 
number of Gifferemt types of cancer. The program also emphasizes the 
relesionshnip of genes to other known fectore in the eticleagy of cancer. 
It e=phesizeas that in stuiying the alvects ef viruses em the fimivetica 
of cancer the gemes controlling the propeda tion of the viruses showld 
else be considered. The program is helping to tis the effects of 
apeciiie gemes on specific types af cancer te hormmmal effects and to 
normal grovth ef skeletal and muscular ¢hememis © or Basically to 
pretein symtbesis. The results from the oxygen studies help to tie 
the gancer process to mutations. ALL of thesa contribute tawerd « 
broader understanding of the causetian of camrer - the appraach ¢c 
the prevention of cancer - amd this muet be the ultimate aim of the 


Progessé course of the project: More progress hes teen made 
in this” ietoratory cm the idemsitiestion and sealyses of the effects 
wnat specific gemee Identified on epacific chromescnes have on varioug 
types ef meoplesms than bes been mie elesvhere, aml 1% is plored 
for this Lime of work to be combiimusi. Additiowal work sow ta 
progxyess incluses studies of the effect of the lethal yellew gaze 


on induced hepatcmas in addition to the snontemecus hepatcess. Also 


teste Sor the effects of the gene chess om spomtancous pulmonary 
CWUEOTS, SH spontaneous and induced hepatomas, and on mosaty % CUMSTE: 
are in progress. Stwiies are also underuey om cecurrence of pulmonary 
tumors in Fy aul Po hybrids between strain A and strain LG that bas 
been aglected for ierae body size, to see if there is a positive 
correlation hetweern cecurrezee of pulmonary tumors amd mnommal crowth 
influenced by these multiple ami peasibly nom-specific gemes for 
g@xorven. We have recently obtained o DY stock of mice carryiic the 
awaxt gene amd we plan to test thie gene woon a member of taors. 
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HCI diet the difference in body weight of the yellow ami the brown 
controls ig not great so we ere having to repeat the study using 
Puring leboratory chow that does result in a remarkable welgn® 
adivference. 


We now have strain 44 mice that Or. Esubure left with us when he 
returned te Japan. TRis strain came from Japan ami ie wmyrelated ts 
any ef the strains in this country. Hovever, the females of the 
strain have @ reletively high imeidence of mammary tumors. The strain 
is new in the Fig generation ef brother X sister inbreeding, and we 
plan to continue to imbreed the strain, to determine more accurately 
its incidence of mammary twrors, to see if it has the mammary tumor 
agent, and if so how the agen’ compares with that in our other strains. 


in the studies om the effects of oxygen on pulmonary tamors 
we plan te coutinue the study ef dose response aod “6 lesk further 
into the question of vhether or not there is a @ameging effect of 
the hich concentration of oxygen em the aeteTe tissue. 
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Individvel Preject Rerors 
Calendar Year 1959 


Part 8B. Honors, Awards, ani Publications 
 Poblications other than abstracts frma this project: 


1. VWisheskis, George, and Heston, W. H.: Relationship between 
recessive obesity and induced pulmonary tumors in mice. 
. Hered. duiyaAwg. 2959. 


2. Heston, W. B., Viahakis, G. and Deringer, M. E.: High incidence 
of spomecaneous hepatomss amd the increase of this incidence 
with urethan in C3H, C3Hf, ani C3ke wale mice. J. Hat. 

ev Inst. 2h: (Feb. 1960). 


3. Heston, W. B., Viehakis, @., and Deringer, NM. K.: Delayed 
: effect of genetic segregation an the trencmission of the 
memery tumor agent in mice. J. Eat. Cancer Inst. 2h: 
Qierch 1960). 





&, Weston, W. BE.: Site of Gene Action and Carcinogenesis. 
Moncgraph on Gesietics ani Cancer published by M. D. Anderson 
Bootes) and Tumor Institute. 1959. 


5. Heston, W. B.i The impact of geneties upon cencer research. 
Beli. Rosweil Pax Memorial Institute. 1959. 


6& Heston, ¥. B.: Review of the book Cenadian Cancer Conference ITT. 
A. LB&. Brlletin, 1959, 
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PUS-HiH 
Individual Project Report 
Calendar Year 1959 


Part Ao 
es 


Projeet Title: Eost-Tumor Relationships 
Principal Investigstsr: Norris K. Barrett 


Other investigators: Neicola B. Melroy, Eéwara J. Breyere, and 
Margaret K. Deringer (in collaboration) 


Cooperating Units: eI-be1 
BCLT-h10 
HIAM-25 (Dr. DeBuy) 


Man Yeers (ealenfar year 1959): 
Totals 
Professions): 
Other: 


A Lown 


Project Description: 


Cpjective: Our working bypothes .econcecinse Field presently 

called “ignunogeneties" vnich covers an ares of cverlap between the 
two classical disciplines but seems to Giffer significantly fram each. 
Tais is 2 relatively new ficld and many borderlines end concepts are 
hazy, but appears to touch vpon several obscure ereas in biology, e.f., 
egaptive enzyme formation, embryonic induction, differentiatian, 
irradiation protection, and the broad but i114 defined field of “tumor 

2 immmity." It is becoming incressingly apparent that biclogicsl inter- 
ections involve some undiscovered "information" or “recognition” system 
of general applicaticn. Our hypothesis assumes thet some such eystem is 
inveived im the intercellular reactions of zormal differentiation, 
grouth, physiology and that the ebnormsl differentiation and growth ia 
cancer represent an aberration im such a system. We also entertain 
the nobion that such a breakdown may not alvays be complete and that 
‘therein gay lie the explenstion of spontaneous regression of cancer, 
vemporary vemlssions of eancer, the apparent control of metastasis 
and Pecurrenee. 


More specifically. we are attemoting to discover whet ‘“Gissue 
immunity” and “crensplamtation amtigens" are. At first thought they ray 
appear to te rather ronsensical laboratory playthings with no real plave 
in gpeturei phencmens. Hovever, they are so widespread im nature that, 
speaking teleologically, thoy must have same physiolegical Yuncticn. 

We believe that discovery of the trve nature of the “antigens” and the 
“immunity” in this field will erem e new speroach to many problem 
cemcer, both as te the intrinsic matuve of neoplasia and as to 


CONGO! » 
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: Methods: ‘The basic procedure is transplentation of standardized 
tumers, cr skin, into hosts of know, but highly varied genetic con- 
stitution end observing the effects of experimental variation of hosts, 
or tumors, or both and of immunizing injections, treatment of the enti- 
gens, effects of chemical or physical agents, ete. The disciplinary 
techniques are those of genstics, immunology, and experimental surgery. 


Mejor Findings: In relacienship to what is variously called 

"efaptation’ of a tumor, or the ‘Py hybrid phenomenon," or the "Barrett- 
Dex: © phenomenon,” none of waich is a good tem, there have been 20 
major positive fimiings to change viewpoints previously expressed. Ancther 
tumor "adapted" but only poorly end was dropped because of technical dif- 
ficulty. Another attempt to leam viether simultancously implanted "stock" 
and "edapted" tumors interact yielded unconvincing data that, taken with 
previous data, leaves the question open. Another attempt to see if hybrid 
tumor adapts gave a negative reeult om poor data; thus week data have 
pointed both Girections. (This has a bearing om "dosage" effects). With 
respect to a hyteid fetus we have obgerved no evidence of a reaction to 
the pure strain wether - but the mother is changed, as will be mentioned 
later. 


Over & perled of years there have been several inéicetions that 
the Histocompatibility-2 (E-2) complex of entigens might have sone 
special features with respect to these phemomenn. Our outerosses 
involved differences at this etrong locus but the results generally 
Suggested that whatever transplantability changes occurred did not 
invelve changes in this antigen complex. Im some ways this eeexs odd. 
Ye are in the early stages of work with new tumors. Im this case the 
tumors and animsis aré all alike at this locus. The thought is that 
if changes occur they must be vased on other leci. One of the tumors 
is now growing im about 50% of the foreign strain but the results suggest 
that wheat we are getting is "“lmmmoselection” end not "adaptation." If 
this is so we will have an interesting opportunity to try the effect ot 
other cutcrosses on the same tumors. ‘This night throw seme light upon 
the relation of “the hybrid a oe to "somatic mutation," Teen 
auction," and the like. 


We have had « long standing imterest in the “individuality” of 
tuxors. The varied behavior nenticned akeve is one aspect of bts 
Another is our tentative observation that in some combinations tumor 
may Dot, es is generally believed, grow as well in the Fy hybrid es 
in the parent strain. We think that we have seen this 3" times. If it 
26 trus it may require some revision of the simple coneeps of “cue 
geve-corte antigen," with “complete dominazce." Along with this we have 
mage careful, frequent measurements of a number of spontensous meemary 
tunors in mice. The expected extreme variation in srowth wes cheserved 
anong mice but those variations vere no greater then those between 
multiple tumors om a single mouse. The latter can hardly he ceuced 
by the hovmens] or sstebolic status of the host. 


With vespecs to the question of whether "adaptation" invel VES 
che per onue eto ints tke cell of gaxevniog like DMA protein, a 
2 pleas or the like; we have keen couser eects with Dr. Ind 
1 ee ject, We has a te Que : Tor eee ieee mater 
on ¥ = Yime ground glass particles ne 
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: 5 cell mess in ths centrifuge. Une idea i 8 12 extract possible trans- 
ducers from one strain, inject them inte tuwor cells cf another strain, 
and see if the cells are changed in their Tatas cen with the first 
strain. So far there has been much technical difficulty and few 
results but those obtained encourage persistence. 


Ali the above involves study of the interaction of a homograft 
and its host. We have long been interested in the fect that im random 
breeding populat ions a fetus is a homograft but its interaction with the 
host seems to be exceptional. (Tis is also suggested in chorio- 
epithelion:.) To study this several combinations of in-strain and cutcross 
matings cf mice were set up, as reported last year; the mothers and 
offspring were observed for possible effects. The very interesting 
outcome may be epitomized as follcws. Among females of a given strain 
those parouws (not pregnaat) by a male of a different strain exhibit 
“tolerance” toward a tumor of the second strain. The tolerance is 
specific for the strain of the maie and is not seen in females paras 
by 2 third strain. Tolerance can be observed either as an increased 
number of takes of tumor iu uwwismunized females or as weak resistance 
in immunised females. The effect appears to increase with miltdparity. 
A manuscript reporting this is in press. Further experiments in progress 
have indicated that the toleramce can also be seen as an increased 
survival of skin homografts. Siec; whem a tumor of the third strain is 
used the specificity shifts to thet strain. Im the case of the latter 
tumor there may be a bigarre bostetumor relationship. A few chverme 
tions suggest that there is some sort of migration of the tissue: The 
implant starts out as @ localized maga; after attaining a moderate size 
it becomes crateriform (not ulcerated) and may grow as a large circle or 

evescens with mo grossly apparent tumor im the center. This has not 
been seen in the strain of origin of the tumor. | 


Other incidental and tentative chservetiorson the effect of parity 
are aS follows. The tolerance persists for at least 150 days. It Goes 
not result from mere exposure to the wale in partitioned cages without 
mating. Apparently a previously existing immune state may be abrogated 
oy mulcipaxity. Finelly, when females are immmized against tissues of 
& given strain, matings to males of that strein may result in fewer 
fertile matings. 


We continue varied attempts te learm something of the nature of the 
antigen in tumor jemunity and how it may differ from the associated bleed 
group antigens. Erierly, our ovserveticna convime te show that the two 
antigens differ in their lebility to heating, to formalin, ené to scaic 
vibration, vhether the antigenic material ig derived from blecd or from 
tumer tissue. The tumor immunity antigen is present in fetal tissue 
before the known blocad group emtigens eppesar. The latter is tree even 
when bybrid exbryos (i.e., containing only e half-dose) are used as 
antigen. When a BALB/c tumor is inceulated into C57EL/H-2% (a coisogenic 
Line) yecipients the latter are resistant to e DBA/2 twror. All thege 
materials are the seme et the Hee lecus ana mone of the 3 possible com-= 
binations yield hemegglutinias in hyrerimounized animals although wmor 
immunity is strong. 
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This problem seems at present to be getting more complicated. 
There aré severai indications that some of our ideas may be tco simple 
and Girect. ib appesrs to us that skin grafts mey permit an approach 
to problems for uhich tumor grafts are unsuitable. But ve are not 
setistied with present techniques for skin grafting. Accordingly we 
are terylne to develop a technique for obtsining dependable results 
when many greatts are placed similtancously on ea single recipient. 
lich progress bas been made ami we believe that the objective can be 
reached. If this cam be dene 1t seems possible to set up experinents, 
involving "erisseross" ond “round robin" types of transfer, that will 
permit observation and mathematical analysis of multifactor effects in 
a way not heretofore possible. Thus far, feir success has been attained 
With as many as 20 grafts on a eingle mouse. As an incidental finding, 
we have confirmed the reported relative incompatibility of a male graft 
on s femate recipient within strain CS7SL. 


As background for some of the above it has been necessary to do 
& large amount of sevelegy. We have completed determinations of bleod 
fector antigenicity using the 7 strains under study in this leboratory. 
The use of each strain as both recipient and donor has yielded a ho 
place teble that should prove a useful reference in future work. 


De. Meloney has reported a virus derived from cur Sareama 37. 
His work was dome with BALB/c mice. We have therefore eutepsied a 
large sumber of strain A mice (in which our tumor is carried) for signs 
of levkoses and have found none. Also, Dr. Breyere is furnishing 
“tolerant” females of a resistant strain to Dr. Molomey to see if this 
sert of tolerance effects resistance te virus. 


We bave autopsied about 50 old mice of strain C57BL/H-2% to see 
if, aS suggested by Miss Uphoff, spomtamcous polyes of the duodenum 
amd eolon oceur. They eecur in about 108 of males and about 50% 
ef females at about 18 months of age. The two lesions tend to occur 
togecher. 


A lagge exount of time bas beem spew’ on siiteriel duties with 
the Jourmel of the National Cancer Institute and Cancer Research, and 
occasionaliy for other journals. 

{ participated, by invitation, im the following meetings. 
Francis Delafield Hoseital, Rew Yerk, gave @ general seminar. 


American Asgociation of Hes and Neck Surgeons, Washington, 
invited digcusser. 


MecNicholas Seminess, Palm Reach, a veek of seminars on genetics 
and immunology. 
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Significance: The field with which thie work is concerned is 
so difficult and obscure as to make clear definition and outlines 
aimost impossible. Wevertheless, there is a slowly growing body of 
evidence which indicates that there are interactions between tissues 
end their host which involve critical fectors im the phenomena of 
cancer, embryology aud transplantation of normal tissues. <A defensible 
definition of cancer cannot be given today except in descriptive end 
biclogic terms. The terms usuelly included things related to the 
experiments that we have teen Gescribing. The experiments mey be sig- 
nificant in several ways both practical and theoretical. 





The most iupoxtent laplication is that some of these results 
suggest progress tovani understemiing of what controls the growth of 

a cancer and hoy this differs fram nomeal tissues. We have already 
seen thet a tumor's power to overcome host resistance can be altered; 
its rate of growth, tendency to regress, aml tendency to metastasize 
are all. subject to experimental change. ‘The host's reaction can be 
altered experimentally, not only between similar hosts, tut also at 
different times and giteg im the same host. The chenges in the tumor 
have elwied morphologic, chemical, or serologic definition. One of the 
antigens which changes the host would be missed by current chemical 
methods. An important espect of the “hybrid phenomenor 

relations to "transduction." Important possibilities with regard to the 
effects of parity cam te imagined in relation te several complications 
of pregnancy imcluding Ro disease and choriocercinosa. Interpretationg 
are unsure. However, one might attain e biologic deseription of the 
factors that sometimes cause spontaneous tumors of man and snimels to 

- regress and that control ustestasis. It has already been observed in 
this laboratory (and confimmed elsevhere) that such factors materially 
affect the outcome of many chemotherapeutic exeriments. 





Relation to others: There is a complex thecretical interlocking 


SMA REET NETS 


between this work and the work cf beet “mith, Lew, Merwin ano Sanford, 


‘and Miss Uphoff. Many of the reeults attendant won the use of 
Millipore filters were foreshadowed by the work on the nsture of the 
antigen in tumor immumity. The work on adaptetion hag a SLLONE 
relation to recent, developments in radiation biology amd in tissue 
transplantation. 





Proposed course: Extension on the main experiments deseribed 
above. At present, our major need is for tumors with which experiments 
like the above cam be repeated but with certain variat‘tons, especic j 
& reverssl of the imterstrain relationships. We ere studying several 
tumors in a search for suitable ones. 
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+, Mo K.: Some observations on the nature of the “antigen” (oe 
da "eumor inuualty” , Acta. Un. Internat. concre cancer a2 me 
0-92, 1959. 


eer e, B. Sets Effect of Incculation of packed erythrocytes shad 
- gurvivel of skin homografts ia rete. Proc. Soc. Exp. 
Biol. Hed. 101: Fu Th-7, 1959. 


eet, E. J. and Barrett, M. K.: “Tolerance” in post stun female 
mice induced by strain-specific matings. dJ.Kat. Cancer Inst. 
(a press. } ee 
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@e General Bicics: Section 
3. Bethesda, Md. 


PHSSNTH 
Individual Project Report 
Calermar Year 1959 





Part A. 
Project Titles Genetic studies in mice. A. Bumore in mice 
Principal Investigator: Margaret K. Deringer 
Other Investigatorss W. E. Heston, M. K. Barrett 
Cooperating Units, None 


Han Years (calendar year 1959): 
2 


Totals 
Frofegsionals 1 
Gtker s 1 


‘Praject Deseriptions 
4. funors in mice. 
1. Oceurrenes of mammary tuzers in agent-free DBA/2eB mice. 


Objectives: Stwain DBA (288, a substrain of strain DRA/2, 
was preduced by the transfer of fertilized ova from strain DRA/2 
to strain GS7EL. The development of mamuary tumers and of other 
tumors ie being studied in groups of virgin, breeding, and 
fereeobred females, and in males treated with etilbestrol. 








wh syeds A group of DEA/2e females was kept as 
vivgite ts ca er group ig being foreesbred. The foresobred 
fenalss are isolatsd then pregnant. After the birth of the 
litter, the young ave discarded, and the mothers ere returned 
%o the breeding cages at-once. This precedure ia continued 
throughout the breeding pericd of the females. Cholestercl 
pellets, wolghing 6 to § mg. and containing 10% diethyl- 
Stilbestrol, were implanted subcutansously in the right axilia 
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ef DBA/2e males that were ons to two months of age. The 
breeding females were thoss that vere used to maintain the 
colony ef DBA/2e mies. The various groups ef mice are ob- 
served 2% regular intervals for the development of mammary 
TUMOPS o 


Major Findings: A considerable number of the strein DBA /2eB 
aninals of See experiment are still alive but a sufficient nwabsr 
heave been autopsied to indleszts the probable trend of the results. 
The incidence of mammary tumers appears to be considerably lewer 
in agent-free DBA/2eB animals that developed from traneferred ova 
than in strain DBA/2. In the colony of strain DBA/2 (with the 
agent), 65 of 81 breeding females (80.2%) have developed mammary 
tumors at an average age of 1h.5 monthe,. Mammary tumors have 
developed in one strain DBA/2e breeding female (at 20 months of 
age) and in one DBA/2e mele (treated with stilbestrol) et 12 
months of age. No mammary tumors have been observed in any of 
the DPA/2e females kept as virgins (appreimately one-fourth 
are still living but are over 19 months of age) er in any of the 
force=-bred fexmales (moat of the animals of this group are still 
alive and only one-fourth are more than a year of age). These 
results may be contrasted with these obtained previously for 
strain agent-free C3HeR. Manmary tumors cecurred in LZ of virgin 
females, in 51.8% of breeding fewales, in 7l.ké of force-bred 
females, and in 22. hg of males treated with stilbestrel, 





~Aaree and of ether toe of ture’ in a eae of mise deprived 
of the mammary tumer agent by the precedurs of transferring ova 
from an inbred strain of mice carrying the agent to another strain 
sunt the agents. The results will reflect on the interpretacion 
of the relative effects of the genetic constitution, the mamsary 
tumer agent, and the kormenal influence om the See een of 
MARRALy GULOTS > 


Proposed course of the projects: Further date on the 
development ef tumors the force=bred females will be 
collected. When autopsies have been performed on the remaining 
virgin females end on the force-bred females, the information 
ebtained will be cenbined with thet from the females of the 
breeding ccleny and the material will be prepared for publication. 
The strain of mice will be continued and the develepnent of 
mammary tumors will be studied in subsequent generations, 





986 





a So NeI-421 





2 Preduction of tumors of the ekin 


Objectives ves: fo attempt to preduce tumers of the sicin 
in serain HE mice by painting with urethan. Since it has been 
sieted that urethan is "nen-carecinegenic for ekin epithelimm 
in the mouse" it seeusd worthwhile te treat mise ef strain HR, 
which are highly susceptible to the develomuent of tunors ef the 
Skin, with this compound. 


Metheds En ook ed: A OS solution of urethan in stheiene 
glycol Ys pein skin of haired and hairless animals 
of both gsxes of ie HR strein. Other groups of males and females 
are painted with ethylene glycol alons. Twiee weekly paintings 
are started when the animals are 24 to 33 months of age and 
are continued throughout the 1 fespan of the animals, 


fier Findings: Data obtained indicate that urethan is 
probably net carcinogenic for the skin ef strain HR mice, How- 
ever, tumors of the skin hawe besn observed in 8 of 18 hairless 
feraiess and in 3 of 8 hairless males that have been painted with 
urethan in ethylene glycol. Two ef hairless males, painted 
with ethylene glyecol alene, develepsd twnors of the skin. Nene 
of the tumers arose in the painted area, 


Painting the skin with urethan dees induce pulmenary tumors 
and hemorrhagic lesions of the liver in haired and hairless animals 
of strain ER. Seme of the lesions in the liver can be classified 
as hemangicendothelienas while others appear to be blesd-filled 
spaces. 


Siguificance to the program of the institute: This study 
WLLL add information cor min a in@iuence of genetic consti= 
tution en the development of Sacre The effect of a carcinogen 
om the development of a particular type of tumor, to whieh the 


skin of animals is susceptible, will be determined, 





Proposed course of the preject: Groups of strain HR males 


and females ‘(both heired and hairless) will be painted with 
urethan in ethylene glycel twice a week, and with ethylene 
glycol alons, The animals will bs observed centinususly for 
the development of tumors of the skin and of other lesions. 





3. Influence of the lethalcyellow (Ava) gene on the 
development of levkemia in mice. 


- Objectives: To determine the relationship of the 
lethal=veliow gene (mown to increase body sige) and the 
oceurrence of leukemia in treated and untreated animals (in. 
cooperation with Dr. Heston). 
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Methods Employed: Crosses have been made between strain 

DEA/2; 2 Sate eeeootible to the development of leukemia, and 

strain YER, a strain carrying the lethal-yellow gene. The Fy 

mice have been painted 3 times a week for 7 weeks (7 different 

_-—Ssé«éwpinéing sites have been used) with 0.2% 3-methyleholanthrene in 

i ether, A second growp of F_ animals hes besn maintained without 
treatment. The two groups ~ are observed at regular intervals 
for the development of leukemia, 


or Findings: The large majority of the treated and of 
the wr aeeeay © ls of this experiment sre still alive. No 
reticular neoplasms ef any type have been observed in any of 
pie animals that have been autopsied. 


Mermery tumers have developed in 3 of the untreated 
females and in 1 of the treated females. All of these females 
were the yellow segregants. 





ment ts th ie of tl 

devel asat of leukenia in mice, 
proposed course of f the _projects The group of untreated 

im end tn a rith 3-methyleholanthrene will be 

Bpservad at regular intervals for the development of tumers 

and of other legions. 





h, Heerotizsing arteritis in strain BL/De mice. 


Objectives: During rowsine autopsies of breeding female 

mies of serain BL/De, the varies were noted to be enlarged 
and pale. This suggested ovarian tumors and therefore histologic 
sections ef these ovaries were made and examined. Ths miero=- 
scopic examination explained the gross appearance for it was 
found that the corpora lutsa were heavily infiltrated with amyloid 
and enlarged. This finding was of particular interest, because 
this same sitvain of mice was Feprted by Sokoloff and Habermann 
to have an idlopathie necresis of bone. At the re uest ef Dr. 
Leon Sokeleff of HIAMD a study of the available histologic material. 
from routine autopsies of a group of breeding females was made 
and the material wes presented, by invitation, at the Conference 

on the Comparative Fatholegy of Arthritis and Rheumatism held 
ee ‘BIH on February 5 and 6, 1959. 


Methods Employed: A study was made of the histelegies 
sections ef the ovaries from a group of breeding ferales of 
strain BL. In addition, sections of kidneys and of tumor 
when present, were also available for study. 
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Major Findings; On groes examination the ovaries of strain BL 
Were Brice Observed to bo enlarged and pale. On mieroscepic 
examination the sections revealed infiltration of amyl iid into the 
eorpers lutea. The extent of infiltration varied from small foei 

to large rounded areas entirely replacing ths carpora lutea, Samec 
times there ws caleification in ths eentral portion of the amyloid 
mass, Amylaid was ebserved in one or both ovaries of 59 of the 73 
breeding females of strain BL. Im addition.to amyloid, striking 
vasculer lesions were observed in one or both ovaries of 32 breeding 
females. The vascular legion has been deseribed as a thickening 

of the walls of the veesels due to the depssition of eosinophilic 
material within the intime and the media. Fysenosis and fragmentation 
of the nuelei occurred in such areas, The presence of arteritis 
was net detected on gross examination elther in the ovaries or in 
other organs. Therefore, no data on the distribution of ths lesion 
are available since complets micrescopic surveys were not done. 
However, the vascular lesion was noted in microscopie sections 

from the perirenal adipose tissue, in vessels of the adrenal cortex, 
in vegasels of the uterus, and in vessels of the mesentery, In 
addition to the vascular lesion, renal digssase was observed in 65 of 
73 breeding females. Microgeopieally,the renal disease was the 

type that has been deseribed by Dum and that oscurs particulsriy 
in strain A mies. Mammary tumors oceurred in 12 of the 73 breeding 
females between the ages of 11 and 22 months and pulmonary tumors 
in 16 of 73 females between 15 and 23 months. 






led more intormat: Thing ths ee Stes ef a highly 
inbred strain of mice. This will inereaze their usefulness fe the 
study of various diseases. 


part at 
 erul 





. for publication in the Procesdin: 
Camerative Pathol os of Arthritis and “Rhee catten which will be 
peblished in the November issues of Laboratory Investigation. 


5, Amyloid in the organs of strain BL mice. 


Cojoctives: The observation that the corpera lutea of the 
overies of strain BL breeding females were often ow ino 





filtrated with amyloid ; prempted the present study ef the distribution 
of amyloid in the organs of strain BL mice. 


Hetheds Employed: Groups of male and female mice of strain Bi. 
“Ave Been sot a ide and will be autepsied at 15 months ef age. Sectiona 
ef all organs will be made and data on the distribution of aug 2pis d 
will be secured from then. © 
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provide | metaeinTonat loaictnceiiian y tne ett oti es of one of 
the highly abt strains nmaintainesd at the Institute. 


he project: Data on the distribution of 


CAPTION 


the maverial prepared for publication. 
6, Insmunogenstie experiments. 
Objectives: To produce special types of animals for 


collaborative experiments with Dr. M. K. Barrett (see Dr. Barrett 
report for details). 
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Individual Project Report 
Calendar Year 1959 


Part Ba Honors, Awerds, and Publications 


Publications other than abstracta from this projects 


Deringer, Mo Kos Mammary tumors and hepatomas in 
agent-free strain C3HsB mice, Acta Unio. internat. 
eontra caner, 15: 150-151, 1959, 


Deringer, M. K.: Occurrence of tumors, partieulerly 
mammary tumors, in agent-free strain C3HeB mice. 
Jo Nat. Cancer Inst. 22: 995-1002, 1959. 


Deringer, M. K.: WNeeretising arteritis In strain 
NL/ta mice. Laberatory Investigation (November 1959). 


Heston, W. E., Viahakis, G., and Deringer, M. Kes 

High incidence of spentaneous hepetemas and the increase 
of this incidence with wrethan in C3H, C3HT, end C3He 
male mice. J. Nat. Cancer Inst. 2h: (Feb. 1960). 


Heston, W. Eo, Viahakis, G., and Deringer, M. Ko8 
Delayed effect of genetic segregation on the transmission 
ef the mammary tumor agent im mice. J. Nat. Cancer Inst. 
2hs. (Mar. 1960). 
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Serial No. NCI 427 Oo: 

1. (Laboratory of Biology) ity 

2. (Leukemia=-Studies Section) 
3. (Bethesda 14, Md.) 





Studies on the etiology and therapy of experimental 
lymphomas (oe : | ae 


L. W. Law A . ee 





Man years (calendar year 1959) 
Total: 4 2/3 
Professional: L. W. Law, 2/3 
Other: 4 





A. Role of thymic tissue and bone marrow in X=ray= 





1. The expeximents are now nearly completed 
relating to the influence cf thymic grafts (C57BL) 
introduced into millipore chambers, intraperitoneally, 
in thymectomized, fractionally irradiated C57BL and 
BAF] hybrids. Despite the persistence of tissue for . 
long periods of time within the chamber, no evidence 
of transformation to neoplasia has been seen. 
Approximately 20-30% reticular neoplasms, type A and 
B of Dunn have been observed but these are unrel ated 
to thymic tissue. Interestingly, no plasma cell 
neoplasms have been observed in mice of these geno= 
types although BALB/c and C3H mice appear to be 
sensitive to the plastic material. 


2. Bone=marrow chimeras, developed in the 
C3HE/ tay and C3H£/p; strains of mice by introduction 
of AKR bone marrow into <12=-hour old mice heve 
developed lymphocytic neoplasms at a frequency and 


Part B included Yes 
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be (laboratory of Biology) 
2. {Leukemia=Studies Section) 
3. (Bethesda 14, Md.) 


Part A. 








latent period of non=chimeric controls, nor has the 
introduction of thymic AKR grafts into such chimeras 
resulted in an influence of the leukemic picture. 
Approximately 10% of the Bittner subline recipients 
have presented unilateral parotid tumors when re= 
ceiving bone marrow from AKR donors known to be HI 
positive. 


3. Isologous bone marrow given immediately 
following the last of 4=-weekly irradiations (acute 
X=ray) completely prevented the appearance of 
thymomas in thymic grafts introduced at 3, 7, 14 and 
41 days after irradiation on C57BL and BAF, mice. 
Thus, the inhibitory effects of isologous bone marrow 
is a permanent long-lasting influence. As discussed 
above the presence or absence of thymic tissue, and 
as shown here, the introduction of isologous bone 
marrow are factors which do not inktluence other 
neoplasms of reticular tissue. Such neoplasms, 
chiefly involving monocytes, appear after 12-15 months 
of age in these mice. 


B. Xeradiation and lymphomas of mice 





1. A study is in progress of the effect of 
total body X=-radiation on the induction of Lymphomas 
in CS7BL/Ka and RFM mice, ixradiated in utero at 
10.5 days and at later periods just prior to p 
at 17 to 19 days. The 10.5 day schedule was se! 
as a result of the findings of Russell and Majoen 
the induction of somatic cell gene mutations i 
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characters in mice irradiated at a presumably very 
sensitive age, 10.5 days. To date many of the groups 
have passed six months of age and no evidence has 
been observed of an increased frequency, nor of 
earlier appearance. A negative ou yicome in these 
studies could conceivably rule out any striking 
sensitivity of fetal tissues but could not, because 
of numbers of animals alone, rule out a probable 
influence comparable to what may occur in human 
beings to the possible response of the fetus to radia=~ 
tion received during roentgenographic examination of 
the HISTANE IS: 


2. Work is continuing on the comparative 
sensitivities to fractionated whole=body irradiation | 
o£ 3 sublines of C3H mice, C3H£/;,,, C3H£/py and 
C3H/rg, the latter a high-leukemic line studied in 
this laboratory over the past several years. Several 
interesting observations are worth considering: 


a. C3HL/tw mice are relatively resistant. To 
date oniy 20% lymphocytic neoplasms have been recorded. 


b. Samples of C3HE/pi mice differ in their 
responses. Our subline C3Hf/p47,,, maintained for 
several years here develop 50-60% thymic lymphomas. 
A sample of these obtained directly from Bittnex 
were not more sensitive, however,. than the C3Hf/;,, 
subline, 


seen in C3HE/rgq 3 mice. This eee does not ordinarily 
appear in this subline and thymectomy does not — 
influence the spontaneous occurrence of the reticular 
neoplasms. In this connection a collaborative study 


c. An early appearance of thymic lymphomas is 
a 
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has been undertaken with Dr. John Maloney in an 
attempt £0 recover a celi-free material from C3HE/ pg 
spontaneous neoplasms using the Maloney techniques. 
Heretofore, extracts and filtrates and tissue 
culture materials have been ineffective in <12 hour 
old test mice of various strains. 


3. A study in collaboration with Drs. Rowe 
and Hartley, NIAID, has been concluded concerning 
the relation of infection of parotid tumor agent 
(polyoma) to lymphocytic neoplasms in AKR, C58 and 
C3Hf/p i (X-ray induced) mice and the observations 
submitted for publication. There was found to be 
no correlation of HI antibody with leukemie appearing 
at various times throughout life, nor was there 
obtained any evidence to indicate a greater risk of 
developing leukemia in mice infected with polyoma virus. 


4, As soon as facilities are available to this 
section, it is planned to initiate a study using 
chronic gamma irradiation; of the influence of dose 
rate on the induction of reticular neoplasms in 
C57BL/xa and ee mice. Dosage intensities from 
approximately 5.r to 80 r/hour will be used in which 
the same total Hone is given over the same pexiod of 
time. This will be accomplished in one strain for 
intact and for thymectomized mice in order to differ= 
entiate the influence on thymic and non=thymic neoplasms 
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er cee Vie: Preliminary results have been reported _ 

of the relationship of antibody status (HI) of the — 
mother of several strains and sensitivity of the ah 
litters to the carcinogenic stiumlus of a P=333 

passaged | highly virulent parotid tumor virus. ALL 
mothers showing HI antibody titers >200 delivered ~ 
young which resisted (tumor induction) virus. 

‘Spontaneous convertors’, tumorous mothers or those 
infected by suckling their inoculated litters ald 
behaved similarly. An additional resistance factor, 
not related to antibody, neces further study. This 
is reflected in absence of tumors in nearly 30% of — 
mice, random] ly spread throughout litters. Another = 

interesting observation concerns the appearance of oF 
a significantly greater number of mammary tumors, a 
over controls in (C3H x AKR) py mice beyond & months 
o£ age; these mice completely resisted the eariy 
carcinogenic effects of virus. The possible re= 
lationship of this phenomenon to antibody titers 
needs investigation. 





Foster nursing ef litters borne to HI positive 
mothers on HI negative mothers and vice ver: 
HI antibodies to be transferred to litters hb 
transplacentally and through the mother's eee 
Transfer by either route appears equally efficac 
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o AEN Suey & of ene. Me saneatae effect on ‘CPE, 
“hemagglutination titers (HA) and infectivity (tumor 
induction in mice) in relation to number of virus 
particles is underway. Several interesting 
{apparent variants) are being investigated: a). 

a thymotropic substrain, b) a strain giving rapid 
CPE but with an unusual induction of tumor types 
an mice, c) a strain with high HA titer, giving 
rapid CPE which induces neoplasms in hamsters but 
apparently not in mice, and d) a hamster 
kidney=passaged strain which is non=carcinogenic | 
for mice. Titrations down to 1 x 1077 (particle 
eoimt <30) are being studied. 








3. Other projects being continued are: 





Sensitivity of HI=negative adult C3HE/py 3 
and GOERS mice to parotid tumor agent and 
the role of thymectomy in response to thymotro= _ 
pic virus. S 





Transformation in in vitro organ cuitures 
of salivary glands to parotid tumor agent. A | 
preliminary report is in press. This work is 
to be continued by Dr. Clyde Dawe, L. Path.,NCI. 

Study of the host cell-virus relationship 
in a 'carrier line” of P=-388 in which complete 
CPE does not occur. 


oo 
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D. Studies of mechanisms involved in inhibition 


eT 


of leukemic celi growth 


‘A collaborative study has been initiated with 
Dr. Wallace Brockman, Southern Research Institute 
investigating the biochemical mechanisms of re- 
Sistanceto 5~-£luoropyrimidines. The sublines avail-= 
able for study developed in this laboratory are: 
P815/ey, P815/pyR, and L1210/go. The biological 
characterization and standardization of these 
lines have been completed. At present the bioc= 
chemical work involvez; 1) incorporation studies 
in sensitive and resistant sublines of orotic vs. 
E£luorootic and uracil vs. fluorouracil 2) capacity 
of S and R sublines to metabolize ribonucleotide 
and derivatives. It is planned to study the enzyme 
changes, particularly kinase and phosphorylase, in 
all variant lines since Reichart et al. (Nature 183: 
939, 1959), have shown differences for both enzymes 
but involving different neoplasms, during the 
stepwise development of resistance. Uracil instead 
of 5-fluorouracil, however, was used. 


A study has been initiated testing for 
probable collateral sensitivities to Amethopterin, 
6<mercaptopurine, cytoxan and DON of several variant 
lines of the mast=cell neoplasm P815. This has 
been prompted by the observation that certain Li216 
variant lines, particularly L1210/qq and L1210/6me 
show a strikingly increased sensitivity to the 
5-fluorinated pyrimidines. 
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Eo Studies in mammalian somatic genetic: 
carcinogenesis 


Within the next yeer it is proposed to establish 
a new experimental method to study certain basic 
problems concerning carcinogenesis and mammalian 
somatic cell genetics in collaboration with Drs. Rose 
and Bradley, University of Melbourne, Guest Investi- 
gators at NIH. The method @ continuous injection 
technique” provides that tissues either in situ 
ox grafted can be continuously, directiy and locally 
influenced by the infusion of materials. 


Attempts at genetic transformation of celis 
wil concerns 


1} Alteration of histocompatibility 
Characters of tumor tissue using coisogenic 
strains Of mice. 


2) Alteration of drug sensitivity to drug 
© resistance using established variant lines. 


One experimental situation pertaining to 
mechanisms of carcinogenesis that will be studied 
concerns the possibility of influencing thymic 
lymphoma induction in C57BL mice. Here thymic. 
grafts will be made into the renal capsule of 
fractionally irradiated mice and attempts made by 
the use cf different substrates (NA) to influence 
ivmphoma production and regeneration of thymic graft. 


3} Attempts to transform normal cells (salivary) 


glands {for example}, to neoplasms through con= 
tinuous infusions of DNA-extracted malignancies. 
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Dr. Roosa, recipient of an NIH Postdoctoral 
fellowship, is continuing his tissue culture studies. 


1. Nutritional requirements of P-388 in cell 
culture 





As noted in last year's report an established 
cell culture was found to grow optimally in — 
Eagle's Basal Media supplemented with only 5% whole 
calf serum. However, when the serum was dialyzed 
growth did not continue. For sustained growth 
in mass culture using dialyzed calf serum it was 
found that the addition of pyruvate or L-serine 
restored the growth promoting activities of the 
whole serum. Subsequent work showed that for 
isolated (singie) cells both pyruvate and L-serine 
(ox glycine) were necessary for growth. 


By the use o£ radioactive tracer experiments 
we attempted to determine the metabolic relation=_ 
ships between these compounds and P=388 lympho= 
blasts. The cells were allowed to grow in the 
dialyzed serum medium in the presence of either 
radioactive glucose, pyruvate or serine and after 
a 10-fold increase in protein had occurred the 
specific activities of the protein=serine, glycine 
and alanine and the pyruvate in the medium were 
determined. These experiments showed that all 
of these compounds were synthesized from glucose, 
It was also established that L=-serine, glycine 
and alanine in the cellular protein do not arise 
from exogenous pyruvate, and that the effective 
supplements therefore act in some way other than 
as simple precursors for these amino acids. 
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ne mass eee Endl from isolated eons Yo 
late and & ~keto=n-caproate sexve as growth factors 
in mass eulture only. A series of other keto — 
acids, fatty acids, Kreb's Cycle intermediates, 
purines, pyrimidines, v tamins and amino acids 
were found to Be ineffective. 





2, Devedoonent of methods of analyzing the 
genetic characteristics of these cells : i 


in vitro and in_vivo techniques. 


a 












With the development of an adequately defined — 
medium it became possibile to grow populations Re ie 
P=388 cells both in mass culture and from single 
gells. Studies with large populations were a 
usually observed by the use of protein determina= 
. tions and these studies were often supplemented . 
. with nuclei counts. By allowing a few celis to bo 
develop in a petri dish maintained in an incubator — 
having a constant COg atmosphere we are abie to 7 
isolate, clonal stocks. We are then able to study 
these clones quite readily as they develop into 
colonies under the pressures of various growth 
inhibitors. 

























as 


at 


The intraperitoneal injection of these cells 
into Scene compatible mice leads to 
an ascitic tumor. One can then test the SONS 
of the resultant tumor eith by in vivo Eres tne 
or by plating small numbers of celis in tissue 
culture and counting the resultant colonies in om 
the presence of various ‘concentrations of inhibitors. 
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3, Selection of drug resistant variants 





Variant lines of P-388 cells were obtained by 
selection of resistant sublines growin, in the 
presence of gradually increasing concentrations of 
various growth inhibitors. Several distinct 
lines have been obtained and are carried continu~ 
ously in different concentrations of these drugs. 
To date distinct resistant steps to Amethopterin 
(representing a final 100-fold increase ovex the 
minimum inhibitory level) have been selected. 

The isolation of these variant lines has followed 
a stepwise pattern and each step has paralleled a 
similar step in cross-resistance to Aminopterin. 
Other resistant lines include two steps to four 
other inhibitors; 5-Fluorouracil, 5-Fluorouridine, 
5eFPluorodeoxyuridine, and 8=-Azgaquanine. In addi- 
tion to these lines several variants containing 
double markers have been isolated. Due to the 
xecent isolation of these lines only one has been 
tested. Under cloning conditions this line retains 

” a well marked resistance to both 5-Fluorouridine 
and Amethopterin. The other double marked lines 
are resistance to 5=Flucrouracil and Amethopterin, 
and 8=Azaguanine=5~Fluorcouridine resistance, and 
an 8=Azaguanine-Amethopterin resistance. 





The resistance obtained in each case is 
heritable as it is retained during grewth in the 
absence of any inhibitor for periods of greater 
than 100 generations. 
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. It is possible to obtain ascitic tumors after 
the intraperitoneal injections of from l=-3 million 
cultured cells in histogenitically compatible 
mice. We are interested in determining if the re=- 
Sistance obtained in culture.is retained after hy 
animal passage. Results here are somewhat siow due 
to a lengthy Latent period, but initial resuits 
show a retention of resistance in mice although 
it is still cf a iow level. 








Experiments are in progress et the present time 
to obtain resistant populations of these cells by Br. 
in vivo selection. These lines when obtained shali — 
also be tested in cloning type experiments to 
determine the level of resistance and the percentege 
of isolated cells capable of in vitro growth in the 
presence cof various concentrations of inhibitors. 


4, Preservation of variant cell jiines 


It has become advisable to preserve the many 
variant cell lines being established. Thus they 
would be available if a culture line became 
accidentally contaminated or if further work with 
a particular resistant step became warranted at 
some later date. 


We chose to explore the possibilities of 
freezing and have established a relatively See 
technique using apparatus already available Lo 
date all but one of the resistant steps have been 
successfully preserved. The longest test period 

has been a period of six months. 
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sates aren Dir. Michael. Potter ore 
include attempts at. growing © 
slasma cell umors in cell culture. These 


§ are aimed at developing a relatively 
Baba Eor ohmemuaaed clones of these 




















would be eee to Beeiisy tumor ae in eee 
V iecis anticipated that through these methods it. 
will be possible to determine if the Bence Jones 

protein and the serum protein are produced by the 
same or different cells. 







Agent which produces 2 cytopathic. effect in in 
P=338 coils 


Studies are in progress using a parotid tumor 
agent (PTA) obtained from a normal tissue source _ 
(ARR bone ywaccow) . This agent. apparently replica tes 
in ‘P=388 lymphoblasts in a media containing only 
calf. serum. To the present time fourteen successfu 
passage generations of this agent have been completed. 
When the wash fluids at the time of culture lysis 
are injected into newborn mice a variety of tumors. 
(predominately of the parotid gland) appear after 
six weeks . 
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Animal strains which have already r LeRoy 
this agent include C3H£/Bi and (C3H » ARR) Fy 
There does not appear to be any weakening ef the 
oncogenic properties of this agent after continu= 
ous tissue culture passage, nor is there a signifi 
cant change in the 5 5 
continuous passage in cel 





tar 
ae 

Ww 

Bod 

Ft 

cr 

o 

a) 

Qo 

oad 

fF 

wf 

P 

Be) 

Q 

3 

be} 

tt 

@ 

iat 4S 











(Bocce core 



















aie 


“Eiperiments « are Vite eaay in progress to. 

: determine na the activity o£ the sample is 

ie altered by alternating passages in cell culture 

and animals. The reisolation of active material 
has been ‘successfully accomplished from a gece 

geld’ tumor in the first attempt and unsuccessful 

when eee from a mammary tumor. 









Ve - collaborative experiments already in progress — 
with Doctors Law , Dawe, Rowe, and Kahler are 
concerned with studies of several variants of 
this agent. Included are examinations for cyto= 
pathogenicity of tissue culture Lines, mouse 
Senet ety and hemagglutination. 


7. Organ culture studies 


tudies are currently being planned with 
Dr. Law to study the effects of the Maloney | 
Agent (and possibly other viral-like agents} on 
thymic and other tissues in in vitro organ type 
cultures. 


& 
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Studies of the etiology, patheyenesis and eno 
therapy of reticular neoplasms in mice 


Michael Potter 


Man years (calendar year 1959) 


Total: 4 
Professional: Potter, 1 
Others 3 


A. Studies on drug resistance 


9, 


Two questions on drug resistance have been 


asked: 
1) When do resistant cells develop? 


2) What component of the cell changes when 
a sensitive cell becomes resistant? A gene? 
Employing one model system the DON-sensitive asciti 
mast cell neoplasm P8i5, evidence was obtained that’ 
resistant cells could develop in the presence of the 
antagonist. However, the demonstration of persisting 
sensitive P815 cells in the face of long courses of 
DON was a disappointing development. A drug sensi-~ 
tive tumor which would be destroyed by a drug is 
essential to the purpose of demonstrating when and 
how resistance develops. 


Q 


Three model systems are being explored fer their 
value in contributing more information. 


Part B included Yes 
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ia. An _Amethop 
lymphocytic neoplasm: P288 





terin sensitive, ascitic, tetraploid. 


Like other DBA/2 lymphocytic neoplasms, greatly 
prolonged survival times are obtained with Amethop- 
terin treatment. Full resistance to amethopterin 
does not develop in a single transfer gener vation; 
yet Amethopterin fails to cure mice inoculated with 
doses of 10° or more P288 cells. A technique has 
been developed to explore the question. The inocula 
tion of 10 cells will initiate a successful transplant 
in about 80% of mice. Five treatments of Amethopterin 
3 mom/kg given on days 0,2,5,7,9, to mice inoculated 
with 10 sensitive cells results in the development 
of a transplant in less than 5%; with 10 cells cf a 
full resistant line about 90%. Cells were isolated 
from mice inoculated with sensitive cells after 
Amethopterin treatment of 25-30 days duration. 

When doses of 10 of these cells were inocula ated inte 


mice, the above-mentioned Amethopterin treatment 
resulted in successful growth in roughiy 3G=60% of 
the cases depending on the isolate. Mice follow: 
Amethopterin treatment which poirepecns ascites 

so at a much later time than similar mice inec 
with a £ull resistant line, suggesting th cel 
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not growing during a treatment but were 
Evidence has been obtained that this cha: 
is heritable. The finding eaptaine that sens 
ceils can change to a resistance though this 

@ complete resistance. 
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1 b. With Dr. George Briggs, a folic acid deficient 
diet is currently being studied for its effect on 

P288 and P288 AmR2. Surprisingly the results now 
nearing completion, consistently demonstrate the 

folic acid deficient diet produces a better survival 
time effect in mice bearing the Amethopterin re= 
sistant subline than the Amethopterin sensitive subline. 
2. The search for a supply of cortisone sensitive 
lymphocytic neoplasms 





Cortisone sensitivity in lymphocytic neoplasms 
of mice mimics in many ways the response of human 
acute leukemia to cortisone, i.e., the regression 
of large established transplants, followed by re=- 
currence, is similar to the profound short-lived 
remissions in man. One cortisone sensitive neoplasm 
(P1798) failed to maintain its sensitivity over an 
extensive period. A search for new neoplasms is in 
progress. Several methylcholanthrene induced 
lymphocytic neoplasms of DBA £/2 origin have failed 
to respond. X-radiation induced thymic leukemias of 
strain C57BL are being tested. A good working model 
system of this type should throw light on the time 
of origin of cortisone resistance in relation to the 
initiation of steroid treatment. 





Established transplants of 2 cm. in diameter 
can be completely regressed with 5-flucrouracil. A 
fourth MPC plasma=cell tumor, MPC=-3 fails to respond 
to 5-fluorouracil. This model system has great 
potentiality; but is in need of intensive exploration. 


603 








Serial No. NCI 427 (a) 
1. (Laboratory of Biology) 
2. (Leukemia=Studies Section) 
3. (Bethesda 14, Md.) 


Panta 





Doses of 5=£lumrouracil (20 mom. kg.) given daily 

(6 times weekly) are the most effective. Toxicity 
results after 2-3 weeks and the dose must be changed 
to 10 mgm. kg. This maintenance dose can be given 
over a 2-month period but the tumors recur in the 
presence of this treatment. The development of 
5-fluorouracil resistance is in progress. MPC 1,2, 
are currently in ascitic form. The ascites are 
useful for initiating the tumor with controlied 
doses of cells. The ascitic tumor ceil population, 
however, is sparse. Mice with fully regressed MPC~-4' 
of several months duration accepted a new graft of 
MPC-4 and died. The opportunity to explore immunity 
is presented. The development of this system in a 
quantitative way should provide an excellent means 
for learning more about when and how resistance in 
celis arises. 






; piasma-cell neoplasms in mice _ 


A controlled means for producing plasmé -cell 
neoplasms in mice would provide a methodology to 
learn certain facts regarding multiple myeloma. 


A new means for producing plasma-celil 
neoplasms is under investigation. Following the 
observation of Dr. Ruth Merwin that millipore 
diffusion chambers implanted intraperitoneally in 
mice cause the appearance cf plasma=-cell neoplasms 
in BALB/C mice, other means have been sought. 
Sixty-four mice were given incomplete Freunds 
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adjuvants and a filtrate of a culture of staphylo- 
coccus intraperitoneally. One-half were painted 
with methylcholanthrene; the other were controls. 
Two plasma-cell neoplasms have appeared in the MCA 
group and two in the controls. These resemble 
grossly and microscopically the tumors described 
by Merwin. © 


cn 


Mice immunized intraperitoneally with 
horse serum before the adjuvant injection are being 
similarly observed. It is hoped that by stimulating 
specific antibody formation before or during carcino=~ 
genesis, that a myeloma globulin producing trans- 
plantable plasma~cell neoplasm can be obtained which 
will permit a study of the antibody activity of the 
myeloma globulin. 





Ton eae 


Currently 10 transplantable plasma-cell 
neoplasms are being maintained in this leboratory. 
Employing the technique of immunoelectrophoresis, 
the myeloma globulins are being charecterized. 

The myeloma globulins produced in mice bearing MPC 
end 3, of Beta mobility on paper, have been found 
by immunoelectrophoretic analysis to be antigenic= 
ally unrelated to a gamma 2 globulin or any other 
globulin in normal serum. 


ae) 


These two identical myeloma globulins can 
be clearly and strongly precipitated in agar by 
rabbit anti MPC=3 serum, or by rabbit anti MPC-3 
serum, or by rabbit anti MPC=3 serum absorbed with 
whole normal BALB/C serum, but are not developed 
by rabbit anti-normal BALB/C serum. The list of 
tumors in BALB/C is being extended, 6 are now 
available to determine whether there is an infinite 
or grouped entigenic variation. 
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C. Studies in methylcholanthrene (MCA) induced 
in strain DBA £/2 Lw 


1. Mice of strain DBA £/2 Lw develop generalized 
leukemia very rapidly following MCA painting. Mice 
of one month of age are begun on a course of 20 
paintings over a period of 7 weeks. Four weeks 
following the last painting the first wave of leukemias 
appear. Nine cell free filtrates were prepared from 
leukemia tissue of individual cases arising early and 
from pools of several donors and inocuiated into 
newborn mice of strain DBA £/2. Leukemia tissues were 
ground in sand and 10-20% extracts were centrifuged 
lightly and passed through Selas filters. To date 
in 159 mice under observation, for a minimal period 
of 5 months and a maximum of 11 months no cases of 
leukemia have been observed. 


2. A control pedigreed colony of DBA £/2 
mice is now 1 year of age (minimum). The incidence 
of leukemia and ailied disorders is being determined. 
This is a tedious task for old mice of the strain 
often die unexpectedly without forewerning. 


D. Genetic Study 


Mice of strain BALB/C have not developed leuker 
following MCA skin painting. A study has been initiate 
to determine if the difference between BALB/C and 
DBA £/2 in response to MCA is controlled by a single, 
two or more genes. Mice from a pedigreed colony of 
BALB/C/An maintained in the laboratory have been mated 
with DBA; the Fy hybrids, first generation and second 
generation backcross to DBA £/2 are being painted 
with MCA to determine the incidence of leukemia. Thus 
far no cases of leukemia have appeared in F, hybrids 
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Studies on Biochemical mechanisms of sensitivity 
and resistance to antimetabolites 





Blizabeth P. Anderson 


Men years (calendar year 1959) 


Total: 2 
Professional: 1 
Other: 1 


A. Studies on azaserine and diazo=-oxo-norleucine 





This is a continuation of work reported in 
previous years on biochemical differences in the 
metabolism of azaserine=-sensitive and-resistant 
lines of plasma cell neoplasm 70429. 


1. Two new azaserine-resistant lines of 70429 
have been developed by procedures previously used 
in these laboratories for the selection of 
drug-resistant variants. These lines are now being 
studied biologically, and will also be studied bio- 
chemically, in comparison with the AzR=-la line 
previously isolated by Dr. Michael Potter of this 
section and already studied in some detail by us. 


Part B included Yes 
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2. Enzymatic studies on the azaserine-inhibited 
conversion of formyli=-glycinamide ribotide to 
formyl-glycinamidine ribotide in 704298 and 70429 
AzgR=la have been continued in the attempt to 
define further the quantitative differences observed 
between the two lines in this conversion. Toward 
this end some further work has been done on purifica= 
tion of the enzyme. Considerable work has also been 
carried out on the development of methods for 
enzymatic synthesis and for isoletion of certain 
substrates for this work and on the accumulation of 
a store of these substrates. 


3. Arrangements have been made for further 


studies on possible differences between these sensi- 


tive and resistant lines in concentrative ceil 
transport and/or breakdown of azaserine and DON; 
these follow up earlier observations on differences 
in inhibition observed with intact cell suspensions 
but not with cell-free extracts. These studies will 
be carried out in collaboration with Dr. John Jacquez, 
at Sloan-Kettering Institute, in the months of 
February and March. 


B. Studies on the metabolism of ribonucleic acid 





1. Work has been completed on the partial 
purification and the study of properties of a 
phosphodiegzterase from ascitic leukemia L 4946. 
This enzyme is capable of hydrolyzing certain 
5'=-phosphate-ended ribopolynucieotides to mone= 
nucleoside=5'=phosphates; the mechenism of the 
reaction has been explored and found to involve a 
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stepwise cleavage of one nucleotide unit at a time 
from the end of the polymer chain. Substrate 
specificity has been investigated; the enzyme also 
shows activity against both ribo= and deoxyribo-oligo- 
nucleotides, but it is unable to hydrolyze simple 
esters of nucleoside-5' = phosphetes because of a 
requirement for a nucleoside moiety on each side of 
the susceptible phosphodiester bond. This is the 
first enzyme to be reported with such a substrate 
specificity and represents, therefore, a new type 

of phosphodiesterase. Similar hydrolytic activity 
against ribopolynucleotides has been found in all 

of a number of other types of tumor tissue examined. 
This work has been carried out in collaboration with 
Dr. Leon Heppel, NIAMD. A report of the work was 
presented at the Federation Meetings in April; a 
paper on the complete work has been written and will 
be submitted shortly for publication in Biochim. et. 
Biophys. Acta. 


Cs 


1. Much time in the last few months has been 
devoted to compilation of the literature and prepara- 
tion of the text for the chapter on Biochemistry of 
Cancer for the 1960 Annual Reviews o£ Biochemistry, 
which should be completed shortly. This chapter 
will be written in collaboration with Dr. Lloyd Law 
of this section. 





D. 
1. As in previous years, some time wes spent 


in the preparation of manuscripts on the results 
of earlier research projects. 
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Honors, Awards and Publications 


Anderson, E. P., Maxwell, EB. S., and Burton, 
R. M., Enzymatic syntheses of cl4.1abeled uridine 
diphosphoglucose, galactose-l-phosphate, and 
uridine diphosphogalactose. J. Am. Chem. Soc., 
81: 0000 (1959) 


Yen, C. Y., Anderson, E. P., and Smith, P. K., 
Effect of X=irradiation on incorporation of 
ureidosuccinic acid-@-14 into nucleic acid pyrimidines. 
Radiation Res., 


Honors 


Election to membership in the Society for 
Experimental Biolegy and Medicine. 
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tissue in the eeaaiored mouse 





Delta E. Uphotf 


Man Years (calendar year 1959) 
Total: 1. 
Professional: 1/2 
Other: 1/2 


In past reports, emphasis was placed upon the 
genetic factors influencing irradiation protection 
by bone marrow. From the survey which was initiated 
in an attempt to ascertain the role of certain 
genetically determined histocompatibility genes in 
the case of the marrow graft in the irradiated hosts 
several generalizations can be drawn. There is 
presumptive evidence indicating that if genetically 
incompatible marrow is used as a protective agent, 
a graft versus host reaction ("secondary disease’) 
will occur resulting in the death of many of the 
treated mice. The severity of the reaction and 
degree of mortality varies with the strain combina~ 
tions and is probably a function of the antigenic 
incompatibility of the strains employed. Foreign 
marrow has not been demonstrated to produce ‘secondary 
disease” if marrow donor and irradiated host share the 
same histocompatibility=2 (H=2) phenotype. The H-=l 
and H=-3 loci have little or no effect upon this 
reaction. 


Pert B included Yes 
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As a result of this study on the genetics of 
marrow transplantation, it became apparent that 
there are other factors influencing the long term 
survival of these lethally irradiated and protected 
mice. The premature clinical application of marrow 
transplantation as a therapeutic measure in terminal 
cases and the resulting failure to obtain evidence 
that the marrow transplantation was successful, 
emphasizes the urgent need for a more complete study 
of factors influencing the acceptance and survival 
o£ the marrow graft in the irradiated host. The 
absence of technical assistance has made progress 
very slow and has necessitated the abandonment 
or indefinite postponement of several aspects of 
this study. 


A. Adult marrow transplantation 





1. The survey of the genetic factors influ<- 
encing irradiation protection by bone marrow was 
continued in an attempt to establish an all inclu- 
‘sive working hypothesis. ale strain combinations 
tested within the H-2> or H-2¢ groups have been 
found to be compatible as either marrow donor or 
irradiated host. This lack of strain specificity 
but dependence upon only H=-2 specificity, sets 
marrow transplantation apart from transplantation 
of other tissues. No combination was found in which 
good long=term survival was obtained when strains 
were o£ different H=2 phenotypes. The H-2* group 
of which five inbred strains are available is more 
complex. The reports of hemagglutination studies 
on these strains indicate an incomplete matching 
of the antigenic components associated with the 
H-2 locus. In transplanting marrow in irradiated 
host combination of H-2*, this incomplete matching 
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of antigenic components manifests itself in a 
moderately severe reaction from which an appreciable 
number of animals survive. The presence of this 
‘secondary disease’ coupled with the serological 
evidence of an antigenic difference between strains 
of the H-2* group would indicate that these data on 
the H-2* combinations are not at variance with that 
of the H=2b and H-2¢ groups. j 


2. The new coisogenic line made available by 
Dr. George Snell of Roscoe B. Jackson Memorial 
Laboratory made possible the confirmation of the 
previous report that a single gene difference at the 
H=-1 locus does not produce a visible reaction. This 
new coisogenic line completed a coisogenic trio and 
made possible the testing of the additive effect of 
a gene difference at the H-1l and H=3 loci simultane= 
ously. The double gene difference was not a suffi-~ 
client stimulus to produce a visible reaction. 


peremeemar ee S210 


3. In treated mice of some genetic combinations, 


there appears to develop a transient anemia following 
initial protection. In some cases this anemia 
appears to be related to a tendency for hemmorrhage. 
It was not considered an urgent problem for study 
since it only infrequently results in death of the 


host. Although it may prove profitable and enlighten= 


ing, the study of this phenomena was indefinitely 
postponed. Anemia of a more severe nature will be 
discussed in a following paragraph (B 2). 
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4. Homologous marrow inoculation following 
irradiation at the mid-lethal” dosage level has 
been observed to be lethal within 30 days post 
irradiation in several laboratories. Although the 
genetic combinations were few (2) and the groups 
were small, the confirmation of these results by 

_ three different investigators led to the immediate 
acceptance of this phenomenon. In an attempt to 
determine the role of the H=-2 locus at this dosage 
level (500r-550r), one strain of the H-2¢ phenotype 
wes selected as irradiated host, two different H-2~ 
marrow donors were selected as well as one each of 
the H-2? ana H-2k phenotypes. At least 90% of the 
animals in all four groups at the 500r and 50r 
dosage levels survived thirty days or longer. These 
results would indicate that the mid-lethal zone 
effect'may not be a problem for all genetic combina= 
tions. A limited number of strain combinations will 
be tested in an attempt to determine what factors 
are involved in this lethal effect. The mid-lethal 
zone effect has been considered a major problem in 
Clinical therapy where the lethal range has not been 
established. The full significance of the present 
observetion is not immediately apparent and specula= 
tion at this time would be premature. 

B. 


Fetal hematopoietic tissue 





1. In an attempt to preclude the graft-versus-hos 
reection fetal hematopoietic tissue was used as a pro~ 
tective agent. It has been reported previously that 
in one genetic combination no visible reaction 
occurred when young (14 day gestation) fetal tissue 
wes used rather than adult tissue. Comparative data 
are now available on four irradiated Fj hybrids 
receiving parental-strain fetal hematopoietic tissue 
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in seven different combinations. In several, but 

not all, hybrid=-parental=strain combinations, no 
reaction was observed if early fetal tissue was used, 
In the other combination and with late neonatal 
tissue, a syndrome occurs which is less severe and 
more animals survive the critical period than 
following treatment with adult marrow of the same 
genetic combinations. Similarly, good survival was 
observed in strain combinations of the H-2* group 
following protection with fetal tissue. In combina-= 
tions in which there wes a gene difference at the 

H-2 locus, the long-term survival was usually better 
following treatment with fetal tissue than with adult 
marrow but never reached as high as 50 percent. 

Since this mortality represents a major obstacle in 
the use of fetal hematopoietic tissue as a therapeutic 
agent, a study is underwey, in an attempt to deter-=- 
mine whether this mortality results from an immune 
response and its relation, if any, to secondary disease 


2. In certain strain combinations an anemia 
was observed following initial recovery from lethal 
radiation. Unlike the transient anemia mentioned 
above, this anemic condition is quite lethal. fn 
collaboration with Commr. William McFarlend, National 
Naval Medical Center, an attempt was made to determine 
the cause of this anemia. In testing animais of 
different genetic combinations as they became available, 
it became apparent that this was not a simple problem. 
The types of anemia detected were hypochromic anemia, 
hemorrhagic anemia resulting from slow blocd leakage 
into the small intestines and kidneys, and a possible 
hemolytic anemia; this latter diagnosis has not yet 
been confirmed. The possibility exists that this 
late type of anemia may result from an immune response 
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initiated by a red cell antigen mat governed by 

the H=-2 locus which has been described for some 
inbred strains of mice. The genetic tests have not 
yet been undertaken to check this hypothesis. The 
complexity o£ this problem of anemia and the lack 

o£ technical assistance made necessary an indefinite 
postponement of any further mMematological determina- 
tion. The genetic studies will continue in an 
attempt to have available more definite information 
of a genetic nature at such time as this study may 
be resumed. 





1. The preclusion of the reac tion following 
treatment with Amethopterin gave hope that this 
might be a genetically non-specific method which 
might have practical clinical application. Other 
drugs tested were found to be too toxic in the 
irradiated and protected mice to be able to deter= 
mine their efficiency in blocking the immune response 
under the experimental conditions used. mong the 
drugs tested were thioguanine, 5=-fluorouracil and 
6-azauracil. Cortisone and aureomycin were found 
to be ineffective in a limited number of trials. 
Since time=dose relationships have been shown to be 
very important, the negative results thus far obtained 
from drugs other than Amethopterin should not be con= 
sidered all inclusive since very minor alterations 
in the treatment schedule have proved to be the 
difference between success and failure of the treatment. 
Further work is planned. 


2. In collaboration with Dr. Raymond Popp, 
Biology Division, Oak Ridge National Laboratory, tests 
were made on irradiated animals treated with homolo-~ 
gous marrow and one of the various drugs listed above 
to determine by their electrophoretic hemoglobin 
pattern if the graft was destroyed as a result of the 
drug treatment. In a sample of twelve mice ranging 
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in age from three to twelve months post irradiation 
all hemoglobins were of donor=strain origin. This 
would indicate that the drug action is not one of 
slow destruction of the graft and recovery of the 
hosts hematopoietic system but probably one of a 
direct effect upon the immune response of the graft 
against the host. 


3. Since the irradiated and protected mouse 
tolerated the drug treatment less readily than the 
non=irradiated animal and these treated animals 
were demonstrated by their hemoglobin patterns and 
tumor transplantation tests to be chimeras a 
somewhat different approach at drug treatment was 
attempted. It appeared that Amethopterin in the , 
presence of an antigen permanently blocked the 
immune response against this specific antigen. 

An attempt was made to produce ‘tolerant marrow 
donors by means of treated and non-irradiated mice 
with Amethopterin and injections of foreign spleen 
cells in various combinations. When these pretreated 
animals are used as marrow donors in the same strain 
as that of the spleen cells used in the pretreatment, 
the results were not easily explained. Under some 
pretreatment schedules, the merrow donors appear to 
have been sensitized against antigens of the hest 
strain causing a more severe reaction than was 
expected from that particular combination although 
the early deaths described by others in Baste cae eee 
tion “xsperiments did not occur. Under other conditio 
there appeared to be prolonged survival although as 
yet an actusi preclusion of the reaction has not 
been observed. In lieu of more promising methods of 
altering the homograft reaction, further attempts 
will be made using a slightly altered treatment 
schedule. 
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DE Chimeras 


1. The previously reported study of the 
‘histocompatibility patterns of the malignant lymphomas 
arising in the irradiation induced chimeras was con= 
tinued. The more recent transplantation tests in=- 
volved the high leukemic AKR strain as either marrow 
donor or irradiated host to the exclusion of those 
of other strain combinations. The experiments 
involving the AKR strain will be discussed elsewhere - 
in this report; only the transplant data will be 
given here. Of the positive transplantation tests 
for homologous marrow chimeras, the neoplasms 
proved to be of donor=tissue origin in 49 cases and 
o£ host=-tissue origin in 11 cases. In the chimeras 
produced by homologous fetal tissue inoculation, 

15 neoplasms were of donor tissue origin and 2 of 
host tissue origin. A smaller sample of tests were 
conducted on animals receiving drug treatment (C 1). 
Six of these neoplasms were of doner tissue origin 
and one of host tissue origin, thus corroborating 
the finding of Dr Popp (C 2), that these mice are 
true chimeras in a second strain combination. The 
neoplasms involved in these tests were primarily 
lymphocytic and frequently involved the thymus. 

In appro:imately one-fourth of the tests the trans= 
planted tissue failed to grow. These negative tests 
included several plasma-cell neoplasms and four 
adenocarcinomss of the small intestine which were 
transplanted as possible plasma=cell neoplasms. 
Adenocarcinomas of the intestines occur in untreated 
mice but are rare. The number found in this sample, 
which may be a very small percentage of those 
actually occurring in these treated animals, repre- 
sents an increased incidence of this neoplasm. 
Several other neoplasms of unusual types were observed 
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in this small sample of treated animals. Diagnosis 
has not been completed, however; they are considered 
by Dr. Thelma Dunn to be similar to those observed 
to occur in mice treated at birth with the Polyoma 
virus. No routine attempt has been made to dewon- 
strate the presence or absence of a viral etiology 
for these neoplasms. 


2. Reversal of the functioning donor type 
hematopoietic system to that of the host type is 
known to occur with uniform regularity in animals 
protected with heterologous marrow. There has been 
little evidence that ‘reversal’ occurred in animais 
receiving homologous marrow therapy. The occurrence 
of a single case of reversal of homologous chimeras 
led to the postulation that the greater the genetic 
difference between the host and donor the greater 
the probability of ‘reversal’ occurring. O£ the 
14 host type tumors observed in these transplanta= 
tion experiments all represented marrow donors and 
irradiated recipients of the same H=-2 phenotype, 
i.e., either both H-2¢, 47 H-2%, These data would 
indicate that the prerequisite for ‘reversal’ need 
not be a "great’ genetic difference between host 
and donor. 

E. 


fer of immunity by marrow graft _ 





In collaboration with Dr. Victor Haas of NIA 
experiments are in progress attempting to transirer 
immunity to the LCM virus from one mouse to another 
by means of lethal total body X=-irradiction and 
isologous marrow inoculation. Although the e:periments 

are still incomplete, it would appeer that under Ze e 
experimental conditions it is not possible to transfer 
immunity to the living antigen. : 
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F. Multiple polyposis of the colon, @ genetic trait 


d 





The development of a line of C57BL/10 H-2 
carrying the genetic trait for multiple polyposis 
of the colon was continued. Attempts at producing 
a malignancy from this benign lesion by irradiation 
were not particularly successful due to the high 
incidence of malignant lymphomas induced in this 
strain by the irradiation. 
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2. (Levkemia=Studies Secticn) 
3. (Bethesda 14, Md.) 


Part B. 


Honors, Awards and Publications 


Uphoff, D. E. Alteration of homograph reaction 
by A-methopterin in lethally irradiated mice treated 
with homologous marrow. Proc. Soc. Exp. Biol. & Med., 
99; 651-653, 1958. 


Uphoff, D. E., Law, L. W. An evaluation of 
some genetic factors influencing irradiation protec- 
tion by bone marrow. J. Nat. Cancer Inst. 22: 
229-241, 1959. 


Fellow of the American Association for the. 
Rdvancement of Science. 
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Serial No. NCI 427  {a) Be 
1. (Laboratory of Biology) 
2. (Leukemia-Studies Section) 
3. (Bethesda 14, Md.) 


Jy aie VANS 





A study of the etiology and chemotherapy of experi= 
mental lymphomas 


Delta E. Uphoff and Lloyd W. Law 


Man years (calendar year 1959): 
Total: 1 1/3 
Professional: Uphoff, 1/2: Law, 1/3 
Other: 1/2 





xperimental lymphomas _ 


1. Attempts at altering the incidence of 
leukemia in the high leukemic AKR strain were extended 
to include the use of marrow of the four available 
H-2K strains and treatment at ages ranging from three 
to eight months. Although secondary disease" occurs 
between 30 and 90 days following lethal irradiation 
and homologous merrow inoculation, an appreciable 
number of animals survive making possibile a study 
o£ the incidence of levkemia in these chimeras, as 
well as the effect of varying degrees of reaction 
upon this incidence. The latter mey prove to be an 
important factor since one of the results of a severe 
reaction is the depletion of the lymphoid elements. 
Although this study is still incomplete and no 
general statements may be made on the over=ail 
incidence of leukemia in these enimals, at this time, 
some interesting observations can be made. Animais 
which are three to five months of age at the time 
of treatment may die as a result of the treatment 
e.g. from secondary disease , or may recover and 
eventually die of leukemia or from some other cause. 
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Serial No. NCE 427 (a) 
1. (Laboratory of Biology) 

2. (Leukemia-Studies Section) 
Sie 


(Bethesda 14, Md.) 
Part 2A. 


O£ those developing tenia eeanspVareeeien tests, the 
indications are that these neoplasms are primarily 
of donor tissue origin even though the donor marrow 
may be of a low leukemic strain e.g. C3HE. A few 
neoplasms proved to be of host tissue origin and 
are considered “reversals . These are discussed 
elsewhere in this report. By six months of age 
some untreated AKR mice, particularly the females, 
may be expected to succumb to leukemia. Mice 
six to eight months of age with advanced lymphocytic 
leukemia of thymic origin at the time of irradiation 
may die shortly after irradiation apparently as a 
result of the thxic effects of the destruction of 
large masses of tumor tissue. A percentage of the 
animals which survive the acute irradiation damage 
will die of a “typical secondary disease’. Other 
animals which succumb exhibit an unusual type of 
liver damage, the cause of which has not been 
determined. During the second and third months 
post=irradiation a few mice die of leukemia. Trans- 
plantation tests show these to be of host tissue 
origin. Unlike those previously mentioned, these 
are considered to be animais which were preleukemic 
or in the early stages of the development of the 
disease at the time of irradiation. The malignant 
cells were not completely destroyed by the irradia= 
tion end went on to develop a neoplasm which eventu- 
ally killed the animal. This might be expected 
since a dose of 700r has not been demonstrated to be 
sufficient to destroy most neoplasms. Some mice 
which survive these episodes may live long enough to 
‘develop leukemia with a transplantation pattern 
similar to that described for the animals which are 
younger at the time of irradiation. Of these mice 
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Serial No. NCT 427 (9). 
1. (Leboratory of Biology) 
2. (Leukemia~Studies Section) 
3. (Bethesda 14, Md.) 


Pact A. 


that develop leukemia, the age at death appears 
to be the same regardiess of the age at treatment 
i.e., the older the animal before treatment, the 
shorter the latent period. In the reciprocal 
transplant i.e., AKR marrow in one of the four 
irradiated hosts, the incidence of leukemia is 
celatively low. A few of these neoplasms have been 
transplanted and were shown to be of donor tissue 
origin as might be expected. The high incidence of 
leukemia of donor tissue origin in the irradiated AKR 
mice and the “low incidence of leukemia in the re- 
ciprocal combinations might indicate that rather then 
an indirect inductive effect of the irradiation as a 
en 


causative agent, there may be fundamental differences 
between the AKR strain and the other four strains of 


the H=2— group. To test the role of the thymus in 
the induction of these neoplasms, thymectomized AKR 
mice will be treated with marrow of the Street strain 
in a manner similar to that of the intact mice. 


aie The study of the effect on the inc 
of lymphomas of exposure to 400 r, 100 xr, an 


at the 400 r level and 400 r at 30 days cf a 
completed. Intraperitoneal inoculation of ¢57 
marrow following 400 r at birth appeared tc 
little effect on the incidence of lymphomas, 
an intravenous inoculation appeared tc decreas 
early neoplasms. Pathological analysis has not 
completed making further generalizations imposs: 
at this time. 








3. The study of the effect of bone marrow 
and fetal hematopoietic tissue on the incidence of 
malignant lymphomas in intact and thymectomized 
C57BL and (C57BIxA)F, hybrid mice receiving 4 exposures 
of 168 r at 7 day intervals and tzeated with CS7BL 
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Serial No. _NeT 427 (a) 
1 
2, (Leukemia=Studies Section) 
3. (Bethesda 14, Md.) 


Part A. 


marrow or fetal hematopoietic tissue was continued. 
In the Fj hybrids at 13 months of age, the incidence 
of reticular neoplasms in the controls was 64%; in 
the fetal tissue inoculated group 34%; and following 
marrow inoculation, 22%. Similar results were ob- 
served in the C57BL strain (85%, 40% and 30%, respec= 
tively). ysfransplantation tests of the neoplasms 
arising in the hybrid mice indicated that the major= 
ity of the neoplasms were of host tissue origin. 
These results might indicate a lack of protection by 
the inoculated tissue although the occurrence of an 
occasional neoplasm of donor tissue origin and the 
time of onset would indicate the role of other 
factors. The differences in response of the 
X-rayed mice receiving marrow and fetal tissue may 
result from differences in the population of cells 
introduced. The earlier appearance and higher in- 
cidence of neoplasms in the mice receiving fetal 
tissue may reflect a potential inductive capacity 

of the embryonic hematopoietic tissue. 


4. The previously proposed project to study 
the influence of complete and incomplete matching 
of the histocompatibility phenotypes on the preven 
tion of X=-irradiation-induced lymphoma has not yet 
been attempted because of a lack of animal space 
and technical assistance. A somewhat less extensive 
project was temporarily substituted for the proposed 
study in an attempt to determine the influence of 
the H=-2 locus on the prevention of the induction of 
lymphomas in C57BL/Ka mice. 


A single gene difference at the H-2 locus 
(H-2> versus H~2%) does not prevent lymphoma induc-= 
tion in thymectomized C57BL/Ka mice, whereas H=2 
bone marrow from C57BL/10 (differing at loci other 
than H-2) is effective in preventing the induction. 
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Serial No. NCE 
IL ber eTe of AEST 
2. (Leukemia-Studies Section) 
3. (Bethesda 14, Md.) 





Part A. 


“Embryonic hematopoietic tissue (C57BL/Ka), though 
strikingly effective in producing immediate thymic 
regeneration, is not (unlike adult tone marrow) 

very effective in reversing the carcinogenic process. 
These studies are continuing in the following 
aspects: 


a) Study of the dose-response effects of 
embryonic hematopoietic tissue 


b) Influence of other H-2 allels such as 
other H-2P, H-29, H-2*, H-2%, using both 
embryonic and adult hematopoietic tissues. 


B. 





Chemotherapy of transplantable leukemias __ 


Attempts at treating drug toxicity in tumor 
bearing as well as normal mice by bone marrow inocula 
tion was continued. A series of AKR mice were treated 
with therapeutic dose level of thioguanine and an 
intravenous inoculation of C3H£ bone marrow. The 
leukemias arising in these treated mice were tested 
by transplantation and were found to be of AKR 
tissue origin. This would indicate that transplanta= 
tion of marrow under these conditions was either not 
successful or that ‘reversal’ had occurred in 
virtually 100% of the animals treated. With the 
possibility existing that in these animals receivine 
antimetabolites and homologous marrow, a state of 
immunological non=-reactivity (or ‘tolerance ) toward 
the strain of the marrow donor may exist, a second 
group of mice will be treated and tested by skin 
grafting. This is an important adjunct to the 
attempts at precluding the graft-host reaction in 
lethally irradiated mice treated with homologous 
marrow by the use of antimetabolites. 
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Sexial No. NCT 427 fd) 
1, (Laboratory of Biology) 
2. (Levkemia-Studies Section) 
3. (Bethesda 14, Md.) 





Part A. 





, of transplantable neoplasms of 


reticular cells 





Following the report of Loutit and colleagues 
at Harwell of sensitivity of one malignant Lymphoma 
to high level X=-radiation, protracted over 24 hours, 
we undertook a study of the response of all available 
morphologic forms of reticular neoplasms (a total 
ef 10). Striking responses were obtained with a 
type B neoplasm (P195) and with a type A neoplasm 
(L11371). Work is continuing with the latter, a 
chronic neoplasm in C57L mice to study the influence 
of dose rate and protraction of ivradiation, of the 
effect o£ isologous versus homologous bone marrow 
following irradiation and the permanence of responses 
in later transfer generations. 


Part B. 


Not included. 
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PHS-NiH 
Individual Project Report 
Calendar Year 1959 


Part A 





Project Titles Microcinematographic studies of tissue cells 
in vitro. 


Principal Investigators: WI. McQuilkin, WR. Earle. 


Other Investigator: VY. do Evans. 

Cooperating Units: None. 

Man Years (calendar year 1 1939) 5 Patient Days (calendar 
Totals year 1959): 
Professionals 
Others 


Project Descriptions 

1. A study of the alteration of morphologic and behavioral cheracter= 
istics of strain NCTC-929 (strain 1.) cells resulting from growth 

in chemically defined, pretein-free medium, NCTC-109. 


Objective: To determine quantitative and qualii 
tween the morphclogic and behavioral character 


S 

eis $ 

well known strain when it is maintained in its accustomed protein 
rt 


medium and after it has been adapted to the nutritional env 
of the chemically defined protein-free medium NCTC-109. 


Methods Enployeds Detailed study and analysis of many time-lapse 
motion pictures of both the parent and the adapted celi strains. 


Quantitative tine data is obtained by correlating the frame fre- 
quency with the observed eccurrence of events in the film. 


Part B included Yes x No 
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NCL 
— F 7 Le = 
Serial No.l20a,Page 


Major findings: Seme quite definite elterations have eceurred in the 
cell strain as a result of adaptation te and establishment in the 
chemically defined protein-free medium. Quantitetively, the average 
generation time is about 1/3 longer; the rate of migration of cells 

en. the glass substrate is reduced by at least 90 percent, and the 
duration of the cytekinetic peried has been estimated tentatively to 
be about 1/5 as long. Qualitatively, the cells skow a less compact, 
less refractile and less granular morphology; cyclosis is altered to 

@ more peristaltic type motions the cells maintain a more independent 
existence with a decreased affinity for each other and consequently 
appear to have less mutual influence; cells do not intermittently 
round up and spread out as formerly, but almost exclusively round up 
only for the prophase stage of mitesis; cytokinesis is not only of 
shorter duration, but occurs in a much less violent manner. No statis- 
tically significant findings of cell death have been observed in either 
cellemedium system. However, a few spectacular cell deaths by complete 
and sudden disintegration have been observed in films of one subline 
ef the derived cell strain. 


2, Analysis of film of a strain of monkey kidney cells maintained on 


chemically defined, protein-free medium. 


Objective: To determine the proliferation rate in this cell-mediun 
system. 


Major findings: The average generation time of this epithelial celi 
strain is approximately 37 hours, which is comparable to the previously 
determined time of fibroblast cells in this same medium. This rate of 
proliferation indicates a population increase ef epproximately 2h-fold 
in a 7 day pericd. . 


Significance: These studies indicate the methods that are being 


“employed and the efficacy of the cinematographic technique as an ine 


' gtrumens of research in population dynamics of living cell cultures in 


Vitro. 


The first study, above, characterizes some of the factors of cell mers 
phology and cell behavior of an esteblished in vitro celi strain of 


-mouse fibroblasts that cannot be determined in any ether wey. IL further 


elucidates seme alterations that have occurred in this cell strain as 2 
result of a radical chenge in the autritional environment. 


The second study, above, confirms the rapid proliferation rate potential 
of the important monkey kidney strain uhen grown in vitro in chemically 
defined, protein-free medium NCTC 109. It also demonstrated that success- 
ive generations of particular individual cells can be studied cinemicro- 
graphically (in this case up to six generations). 
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Propesed course of project: To continue the present line of investiga- 
tion of the alteration in proliferatien rate, marpholegy end cellular 
behavior in cell strains, as correlated with oncolegieal transformations, 
viral activity, and nutritional changes. It is proposed that refinements 
and extensions of observations will be made by the addition of the teche 
niques of higher magnifications, phase mlerescopy, and perfusion. 


Part Bs Honors, Awards, and Publications. 


Films have been provided, by request, to the British Broadcasting Co., 
for use in a forthcoming science series TV broadcast entitled "The 
Last Scourge". 


Data from 2, above reported in article "Growth in vitro of a long term 

strain of monkey kidney celis in medium NCTC 109 free of any added pro= 

Nope). published in American Journal of Hygiene, Nev. 1959, (see section 
GC). 
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Nor 
jal No. h26(b) = Project 1 
ou Laboratory of Biclogy 
2. Tissue Culture Section 
3. Bethesda, Maryland 


PHS-NIA 
a Individual Project Report 
4 Calendar Year 1959 


Project/Title: Rapidly egitated fluid suspension cultures far the 
growth of cells of various established cell strains 


gators: J.C. Bryant, ES oD Schilling, WoR.Harie. 


Other Investigators: None o 
- Cooperating Units: None 
Men Years (calendar year 1959)s Patient Days (calender 
‘Totals Year 1959): 
Professionals : 
Others 


Project Descriptions 

Objectives: To continue attempts, described in last year's reo 
port, to define and control more closely the factors infivencing 
growth of mammalian cells in rapidly agitated fluid suspension 
cultures. Emphasis this year has been pleced on 1) edaptation of 
new cell strains to this type of culture, and 2) developing and 
testing ef a new gasemetering device for controlling the Tow of 
gas through the cultures above the fluid. 


Methods Employeds These heve been described in earlier pat 
special id liter shaker flasks containing a maximum of 100-50 ml. 
fluid, continuously acrated through the gas phase, and egita ated 
on a shaker platform at 8610 revolubions per howe (rph). Nuclei 
counts and reducing sugar analyses were made regularly on small 
aliquot samples. 


Part B ineluded Yes x No 
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The old gas=metering device (Earle, et al., Annals N.Y. Acad. Sci. 
63(5)3 666, 1956) was replaced early dweing the year by a similar 
and more accurate electrenically controlled gas metering system. (See 
h28(f). The gas phase of each agitated culture receives one short 
burst of gas during each 15-second interval. ‘This can be varied at 
will. Three different ges mixtures have peen used: a) 5 percent 
CO2, 25 percent 02, and 70 percent Noz b) 5 percent C02 in air; 
ec) 10 percent CO? in air. 


Mejor Findings: The kind of gas mixture used, of those listed above, 
had no effect on the proliferation rate of the cell strains studied, 
either a monkey kidney cell strain NCTC 3196 (LICMK2) or a mouse 
fibroblast strain 2071. The medium was protein-free chemically de= 
fined medium NCTC 109 supplemented with Methecel. 


The successful demonstration during the tuo previous years that 
established cell strains such as NCTC clone 929 frem strain L and 
NCTC liver clone 1469 cowld be repeatedly carried through shert 
harvesting-subculturing cycles for high net ylelds at high popula- 
tion levels made it advisable this year to extend the procedures to 
other cell strains, such as strain NCTC 2071 from clone 929 mouse 
fibroblasts, a menkey kidney cell strain, and a human skin strain. 
The elimination of serum and the substitution of methylcellulose as 
& supplement to chemically defined medium NCTC 109 has been given 
major emphasis. Project 2 of Serial No. 28(b) reperts the studies 
of the factors involved. 


Significance: Use of these methods for cultivating mammalien celis 
in agitated fluid suspension cultures makes possible the production 
in vitro of large amounts of cells of various strains, both normal 
and malignant, under much more accurately controlled experimental 
conditions. Consistent availability of lerse quantities of cells of 
a given strain at frequent intervals and under rigidly contrelied 
experimental conditions for long term biechemical studies is now of 
majer importance in many lines of research. 


Proposed Course of Froject: The presedure may be extended to ether 
selected strains of cells which ere important for cancer research. 

A major long-term objective is to determine the conditions necessary 
for maintaining a rapid aerobic harvesting-subculturing cycle for 
various cell strains. Improvement of the precedures is a continuing 
objective. The procedure will be extended to incarperate a continuous 
flow apparatus for continuous growth of the cells under steady state 
conditions. 
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NGL 
Serial No. 428(b), Page 3 
Project 1. 


Part B. Honors, Awards, and Publications: 


(Publications other than abstracts from this project: ) 
(Honors and awards: 


ented April, 1958 by invitation at the “Symposium 


& pape esent 
mand Use of Animal and Plant Cells", an Interssciety 
the 


ve 
on Cultivas 
Symposium © Fe 
Biology, Philad uA 


ES 


2G 
£% sderation of American Societies for inmerimental 
ia, Pao, was base ad in large part on this project 
and presented currer nb results from this project. The paper was 
published in amplified form as fellewss Uarle, W.R. : Long-term 
eu ultivation of animal tissue cells in large cultures. Fedn. Prec. 
Tih): 967-97, 1958. Publication was toc late to be ineluded in 
our 1958 annual report. See Earle project 28(f) for listing. 
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NCI 
Serial No. 28 (b) = Froject 2 
1. Laboratory of Biclogy 
2. Tissue Culture Section 
5. Bethesda, Marylend 


PHS=-Nin 
.individual Project Report 
Calendar Year 1959 


Project 2, Titles The erowth=poetentiating effect on chemically 
_ defined medium NCTC 109 of Methscel with cere- 
tein cell strains in a) rapidly agitated fluid 
suspension cultures and b) small static cultures. 


Principal Investigators: J 
' and Wo R 


C. Bryant, V.J. Evans, E. L. Schilling, 
Earle. 


o 
oe 


Other Investigators: B. B. Westfall, E.V. Peppers. 


Cooperating Units: (Project 2b) Navy Tissue Benk, Naval Medical 
Genter, (P.C. Bakken). 


Project description: 

Objectives: To grow mammalian cells in agitated fluid suspension 
cultures in chemically defined medium NCTC 109 without serum supple- 
ment by substituting a non-protein chemically defined Methecel. 
Emphasis is placed on a monkey kidney cell strain. 


Metvheds Empleyed: The type of culture and the basic procedures are 
considered in Project 1, Serie 128 (»). 


Mejor Findings: Exploratory investigations reported last year, mouse 
fibroblasts of strain NCTC 2071 in different types of culture flasks, 
various grades and concentrations of Methocel, and with s silicone 
coating en the walls of the flasks, were cenfirmed this year. As an 
example, in two cultures of one experiment, strain 2071 celis pro- 
liferated for 17 days at a moderate legarithmic rate expressed as 

4.86 days and 4.68 deys respectively average generation times. Popu= 
lation increased from 81 and 63 million cells in 100 ml. to 911 and 

785 million cells in 00 ml. Repeated harvesting cycles, however, 

have not yet been attained for this strain or for any other cell strain 


Part B included Yes x No 
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NCL 
ial No. 28 (b), Page 2. 
Project 2 


in this medium in agitated culewes. 

Heny experiments have been carried owt in agitated fluid 
suspension cultures with the monkey kidney cell strain NCIC 3196 ( 
(LICHK2 from Lilly Research Laboratories). This strain has been 
proliferating vapidly in static cultures in protein-free chemicaliy 
oe nediun NCTG 109 for 1) momths (See Evens preject h28(c). 

nerally the agitated fluid suspension cultures of these cells 
ee pressnted an anomaly: the cells remain healthy in appearance as 
either single ceils or small ivregular loosely packed clumps of celis, 
but show little if any increage in numbers over periods of time up 


In a few cases these monkey kidney cell cultures have shom 


slow proliferation. For example, one culture on NCTC 109 medium 
supplemented with a low viscosity Methecel (25 cps) at 0.12 per= 
cent gave a four pee id increase Im 21 days. In another experiment 
where Methecel supplement wes at much higher concentrations (25 


ee at 1.65 percents and h0OO eps et 0.5 percent) two cultures ine 
reased in population from about 28. 5 million to 127 million, in 

7 to 80 ml. fiuid, a l.5-feld increase in 3) days. This similarity 
in proliferation rates between these two experiments eccurred des- 
pite a wide differ PERCE in actual viscosities of the complete mediums 
the relative viscosit ies were 1.3 in the first case and about 10.0 
in the second experiment. This appears to eliminate viscesity of 
the medium as a significant factor. 


Other factors studied in many experiments with monkey kidney 
Soa in agitated fiuid suspension cultures include the following: 

1) Doubling the concentration of 13 amine acids of NCTC 109, arg, 
CYyYSbLne » eee: hist, iso, leu, lys, meth, phe, thr, tryp, tyr, and 
val, had no discernable effect. 

2) Methecel viscosity grades tested, 10, 15, 25, and 000 cps, showed 
no consistent discernable effect. The fou cases "where Slow prolifere- 
ation did cecur were with 25 eps and 000 cps Methecel. 

3} The concentrations of Methecel tested were principally 0.06 and 
0.12 percent of the low viscosity srades, but included in seme expere 
iments higher concentrabions up to 1.6 percent ef 10 cps. Soe sbra- 
tion of Methocel had no apparent correlation with cell populeti 322 

hi) Cell cencentrations in the inoculum and in fresh fluid eb each 
fluid change were tested at 500, 000/ml, a6 million/ml, and 2 million/ml. 
hese was no discernable effect. 

5 }) The effect of two different glucase concentrations in the fresh 
medium, 100 milligram percent (normal for Eerle's saline end for 
medium NGTC 109) and 26 mg. pet., was examined. The higher con epee 


ie 


tion of glucose im the fresh medium was accompanied by an increased 
rate of glucsse wtiligzation but not by any increase im cell es 
ation rate. 


6) Horse serum es supple ment (20 percent) was less effec’ 
i $ the cultures disintegrated with 
i 





2% 2 


nents 
interval of time, uw ether in silicosze-ceated flasks or 
flasks o 
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Froject: 2 


7) Deteruinetien just before each fluid change ef total protein 
and total mecisic acids om aliquets samples ef cell suspension 
by Dr. Heatfall (project h28 (a) ) showed a fairly cless eorrele- 
tios betwesn the values eotaiasd and the nuclei counts. This 
cevveleticna night bs expected from the static non-preliferative | 
mature of the exl Lures. 


in addition, an expleratery experiment with menkey kidney 

colis ia replicete reller tubs flasks was carried owt to estimate 
the effect ef certain other variables. A 3-l day fluid change 
interval gave much higher preliferation rates than did the 7-day 
interval, Hethecel of 50 ops viscesity grade was slightly mere 

effective then vas 25 eps Methecel. Methesel at 0.12 percent 
concentration wes slightly mere effective than it was at 0.06 per= 
cent concentration. The highest drum speed, 2000 rph, was more 
effective than wre either 1000 rph or 500 rph drum speeds. The 
indiestien that Methecel ef higher yiseeslity grade and at higher 
sencenirations was more effective was considered te merit further 
stuny. 


A ecensequent cxpleratery sxperinent with static T-15 replicate 
culture flasks involved the use of six different wiscesity grades 
of Methocel at ssveral different relatively high concentrations 
fer anether strain ef eslle, human epithelial strain NCTC 25h) 
fron clone NOTC 241). These cells had previcwsly been gram in 
thepically defined mediwua RCTC 109 in stetic flasks fer several 
months only with considerable difficulty, and have recently been 
fouml te proliferate at a ecdsrate rate in the sams usdiua supple- 
mented with Methees1 in agiteted fluid euspensicn cultures (Evens 
preject 428 (e) ). While the celis proliferated caly slowly, ei) 
treciments did shew some inersase in cell nuxbers ever ths inscsulun 
population Methocel concentrations had uo effeet om prelifera- 
tion. Of the six viscosity grades of Metiecel tested, 10, 50, 100, 
OO, 1500 amd 000 cps, the 100 eps grade eave the highest prolifer- 
etion rates, by 2 significant margin. 


Siguifgicanes: Since some strains of mamealien cells can .ow be 
either grom er at least maintained in wassive agitated fluid sus- 
pension euitures, csil nutrition studies in the Tissue Culture 
Section (Evans project 428 (c), Westfall h28 (d) ) with chemically 
defined nedivm are now being extended frem static cultures: containing 
3 te 15 al. fleid cach to agitated fluid suspension cultures contain- 
200. ei. to OO el, fluid each. Comparative studies of nermal and 
malignant ceils can be accelerated as it becemsa possible te grey 
more cell strains in chemically defined media in agitated cultures. 
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Proposed Course of Projects The use of methylcellulose as a 
protective agent is being studied more intensively with the 
selected cell strains used so far, in erder to attain rapid 
proliferation end frequent harvesting-subculturing cycless this 
study will alse be extended to other selected important strains 
of mammalian celis. Similarly potentially protective chemically 
defined non-protein agents such as dextrans and PYP (polyvinie 
pyrrolidene) may be investigated fer their effect on the growth 
of cells in chemically defined media in agitated cultures. 


oe ne mechanisn of the pretective effect of Methocel supplee 
ment 1 under thess conditions is being explored. The extent to 
wnich Methocel has a nutritive effect, if any, in addition to 
or complementary with its protective effect, needs elucidation. 


Further plesaning for future extensions and applications of 

this study is based on the following facts. 1) Present deepe 
freezing metheds for preserving celis include the use of glycerel 
as a peotective agents; glycerol, while it is a knewn chemical 
entity, affords only Limited protection and is at best inadequate; 
also, serum is present in culture fluid. Te ovr knowledge, no 
long-term bissue cultures grown on chemically defined media have 
been subjected to freeze-drying studies. 2) Preservation of cells 
by freeze-drying will certainiy be used to a greater degree in 
the neer future because it may reduce the possibility of cell 
change during extended inmtersels of time,and because it may save 
tims and lsbor. 3) Methocel has been shown in ou laboretery to 
prosest eelis of certain strains in agitated end in static cultures, 
in the absence of serum, allowing the use of protein-free, chemically 
defined media. Therefore it is recemusnded that the use of He there! 
instead of glycerol as a protective agent during and after freeze 
a ings for cultures of cells which have bsen grom in protein-frce 

hemically defined medis, shovld be studied by authorized investi- 
Beare: 
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Pert B Honors, Awards, and Publications: 


Publications other than abstracts from this projects 


1) Bryant, J. C., Schilling, EoL., Earle, WoR., and Evans, V.d.3 
MESES fluid SSPE neL cultures of certain tissue cells. III. 
Eee ee, supplementation experiments with chemically defined 
ned tun WOTC 109. J. Nat. Cancer Inst. 23: 000-000, 1959. (In 
Press). 


Paper IY ef the ser 
efined mediua NOPE 
nm silicone-scated | 


es “The growth=potentlating effect of chemicaliy 
109 with Methecel on strain 2071 celis cultures 
Siasks" is in preparaticna. 


bt Be 


cr 


Honors and auerds relating to this project: None. 
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Serial No. 28 (c)= Froject 1 
1. Laberatory of Biclosy 
2. Tissue Culture Section 
3. Bethesda, Maryland 


PHS-NIn 
Individual Project Report 
Calendar Year 1959 


Part A 
Project 1, Titles Studies of Cell Nutrition in Vitro. 


Be Cultivation of Monkey Kidney Cells in protein= 
free medium NCTC 109 and their use in virus 
research. 


bo. Cultivation of fresh C3H mouse fibreblasts in 
chemically defined mediun. 


ec. Cultivation of a Leng term strain of human 
skin epithelial cells in medium NCTC 109, a 
chemically defined medium free of added pro- 
tein. 


d. Studies on simplification of chemically defined 
protein-free medium NCTC 109. 


Principal Investigators V.J. Evans. 


Other Investigators: J.C. Bryant, WR.tarle, WoT. MeQuilkin, 
HLA. Kerr, G.A Parker. 


Cooperating Units: Lilly Research Laboratories; Tissue Banik, 
Naval Medical Schoolj Dr. E. Shelton, 
Cellulier Biology Sectien. 


Men Years:(calendar year 1959) Patient Days (calendar year 
Totals 1959) 
Professionals 
Other 3 


Project description: 2) Cultivation ef menkey kidney II in me eee 
NCTC 109 a pretein-free chemically define 
medivm. 


Part B included Yes x No 
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Objectives fe determine if it is possible te grow monkey kidney 
eells in long term cultivation in protein-free chemically defined 
medium, so that such strains of cslls can be used as laberatery 
tools and medel cell types for virus studies and metabolism studies. 


Methed employed: Strain MK2 - Lilly Research Laboratory = was ime 
mediately transferred (after receiving them in this laboratory) 

from a medium containing Mediwa (Mergan) 199 and 1% serum to Mediun 
NCTC 109. Fluid change schedules were varied to obtain desired popue 
lations and culture behavicr. 


Mejor findings: The celis have ultimately been satisfactorily 
cultured in all sizes and types of culture flasks used in the lebor= 
atory. Fluid removal schedules were worked out for optimum use of 
cultures for virus assay studies particularly for polio virus. Rates 
of growth were determined on the micrecinematograph. A report in 
November issue of American Journal of Hygiene gives details of tite: 
of polio virus grown in the cells as well as details of cultivation 
and benavior. A clone strain on this medium has alse been obtained 
and is well established in T-60 cultures. 


Significance s This is the first long-term strain of monkey cells 
on 2 completely chemically defined medium for over 







@ year and still under continuous sabisfactory cultivation in the 
medium, Already it nas value im virus studies since polio virus 
Type III grows in it at as least as high titer as this virus will 
grow in fresh monkey cells. It is expected, as the information 
becomes more gensral by way of the published papers the strain 
will assume great significance for those investigators desiring a 
strain ef cells free of “wild" viruses. The fact that serum is not 
required may meke 1% additionally valuable for studies where serum 
presence may interfere in any way with virus cultivation as it well 
might in measles and mumos virus cultivation for vaccines. 


Proposed courses Continuous maintenance of strain is proposed with 
the expectation of making it available to other leboratories for 
virus studies. It is in use for studies in the methedolegy of both 
cultivation ef large agitated fluid suspension cultures and(in 
collaborative studies) in possible cultivation of viruses from human 
tumors » 


Project description: b) Cultivation of fresh C3H mouse fibroblasts 
in medium NCTC 109, a protein-free chemically defined mediun. 


Objectives 1) To establish new strains of C3H mouse fibreblasts directly 
in chemically defined msdium so thet an attempt can be made to detere- 
mine whether or not cell transformations te tumor-producing cells in 
vivo are influenced by the composition of the medium. 2) To induce 
transformations in vitro in such cells at the apprepriate time. | 
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Methods employed: Several series C3H mouse fibroblasts have been 
planted in vitro by one or the other of two methods. 1) Pooled 
minced embryonic mouse cells ef varying types have been used. 2) 
Explants of small pieces of tissue from the epigastric fat pad have 
been vetrieved from dovble millipore filter chambers and planted 

in vitro under finely perforated cellophane in NCTC 109 medium free 
of serum. Control cultures have been established in medium NCTC 109 
with the addition of 10% kerse serum by volume. 


Results: One “strain” of cells from the pooled embryos has been 

in vitro 9 months in the completely defined medium. The cell typs 
appears to be predominately fibroblasts. Growth is extremely 

slow compared with the control strain with the serum. To date no 
daughter generations can be established from it. Nevertheless, 

it is alive and growing at least in amounts satisfactory fer explore 
atery micro injection work. Hach new series has been maintained 
longer than its predecessor, indicating cefinite progress toward the 
desired objective. The exploratory studies with tissue adapted in 
vivo in the double millipore filters prior to retrieval and implanta- 
tion in vitre in the chemically defined medium may have more promise 
of continuous rapid cultivation than that from pooled embryonic tissue. 
These cultures morphologically appear like all fibreblasts grown in 
vitro, and seem, at least after a short period, to be "holding their 
coum in the chemically defined medium. 


Significance: Continued success appears to be far more likely now 

in cultivation of fresh tissue in chemically defined mediums attaine 
ment of the ultimate objective for the cultivation is definitely hepe= 
ful. 


Propesed Course of Projects: 1) To continue with the strain avail- 
ables 2) To develep others for continuation of and to improve mediun 
and methodology of cultivations to pursue as rapidly as possible with 
them the cbvious cbjectives of the cultivation cf fresh tissue in 
chemically defined medium. (See section 28 (c), project 2) for explan= 
atory and preliminary reswits on the general objective.) 


Project description: c) Cultivation of a long term strain of human 
skin epithelial cells in medium NCTC 109, 


Objectives To determine if it is possible to grow human skin epithel- 
ial cells in the protein-free chemically defined medium NCTC 109 in 
static cultures. 


Method employeds Cells of the clone strain NOTC 25h); of human sicin 
carried in NCTC 109 with 10% human serum were gradually depleted of 
serum. The first reduction was to 54 serum and then to 0.125%. 
Partial fluid renewals were also used initially in this adaptation to 
retain population. Since the cells became free fleating on this 
regime centrifugation prier te fluid renewal was required. Periodic 
retura to the small volume of serum wes alternated with cultivation 
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serum free medium with no pericdic returns to serum containing 
medium was possible. ; 


Results: A long-term strain of human skin epithelial cells has 
been adapted to rsutine cultivation in a chemically defined medium 
free of added protein. The growth rate is relatively good. 


Significances This is the first long-term strain of human cells 
ever to be grown rowtinely and continuously in a protein-free 
chemically defined medium. The potential of these cells for many 
aspects of virclogical and cancer research, is considerable. 


Successful epithelial cell transplantation for either a temporary 
dressing, or a longer term one, or as a stimulant to the recipient's 
own cells has a clinical bearing on reparative surgery in general 
and on burn preblems in particular in militery medicine. 


Future Course: To pursue at a minor exploratory level the potential 
growth of these skin celis in mass amounts in fluid suspension 
cultures in chemically defined mediumg (See Series 128(c), project 
Ili, Chemically defined medium) to make the breadth of our know- 
ledge on the cultivation of this strain of cells available to these 
who might propose to use the cells as an integument or integument 
substitute and also to the virelogists for their use particularly 
with respect to possible cultivation of possible human tuner viruses. 


Project descriptions d) Studies on simplificaion of medium NCTC 
109.(See Dr. Sanford%s report also.) 


Objective: To simplify composition of medium to the maximum with- 
_oub sacrifice of quality or quantity of cells, ; 


Methods employed: Replicate cultures of strain WTC 2071 (strain L) 
mouse fibroblasts fellowed by enumeration of nuclei of each culture 
in each set to determine the effect of proliferation of individual 
or combinations of components. Long-term cultivation of cells on 
media that have been designed as results of findings from explora- 
tery studies by replicate culture procedures. 


Resultss Medium NCTC 117 has been formulated and put to prolonged 
vest. This medium NCTC 117 has been derived frem medium 109 by 
omitting coenzymes, sodium glucuronate, deoxygua;'uesine, deoxy= 
adenosine, and 5-methyleytosine, and "essential" unsaturated fatey 
acids. 


Significance: Medium NCTC 117 is simpler and substantially cheaper 
te prepare than medium NCTC 109. Further 4% hes been demonstrated 
that apparently for both excellent quantity and quality of cells 

the only uucleic acid derivatives required for strain L are thymi- 
dine and decxyecytidine. It has alse been revealed that adenosine 
triphosphate is not required by these cells 3 this suggeststhat they 
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Future courses of project: To cemlete exploratery studied on 

the necessity for the so-called cenbination of reducing sub- 
stances, (glutathione, cysteine and ascorbic acid) in medium 

NCTC 109. To collaborate with Dr. Sanford (as the result of her 
findings on the vitamin studies) on redesigning a completely 
simplified chemically defined medium for strain 2071 (strain L ) 
cells. Te use findings on,strain 2071 mouse fibroblasts (as proto- 
type cell) to evolve better media for fresh tissue and for cell 
strains so fer not grow in chemically defined medium. To use 
simplified medium in the first intermediary metabolism studies. 
dens with cell strains grown in vitro in chemically defined medium 
free of the interference from and possible influence of added proo 
tein, Furthermore, for exemple, experiments : are now being planned 
to study the possible adaptation to protein-free chemically defined 
medium NCTC 109 of certain cell strains which have been previously 
intractable to such medium. Such a cell strain is liver clone 
NCTC 1469. The supplements te be used in an attempt to effect 
adaptation include these groups: 1) Methocel and spermine, 2) 
pyruvate, oxslacetate and alphaeketo glutarate, and 3) serum as a 
control. Spermine has been found by Mager (Nature 103: 1827, 1959) 
and ethers to influence cell permsability of certain bacteria end 
might prove tc influence similarly mammalian celis. Special nue 
tritional needs of the intractable strains might possibly be met 
by the thres key metabolic intermediates. 
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Part B Honors, Awards, end Publications. 


SE 


Publications other than abstracts from this projects 


1) Evans, ¥.d., Fioramonti, M.C., and Earle, W.R.8 
Studies of nutrient media for tissue cells. V. 
The effect of the coenzymes of medium NCTC 109 on 
the proliferation of NCTC strain 2071 and NCTC 
strain 2937. Am. J. Hyg., 70: 28-33, 1959. 


2) Ewans, V.J., Kerr, HoA., McQuilkin, W.T., Hull, RoA., 
and Earle, W.R.: Growth in vitro of a long-term strain 
of monkey kidney cells in medium NCTC 109 free of any 
added protein. Am. J. Hyge, Tis 1959. 


: Hisdeme 
Herners and awards relating to this project: 


Centinued as venber of General and Cellular Biology Review 
Panel. (Evans) 


Continued as Consultant to Navy Tissue Bank, U.S. Naval 
Medical School, National Nawal Medical Center. (Evans) 


\ ; 
By invitation presented paper at Atlantic City April, 1959 
in the Tissus Culture Asseciation Sympesium on the Evolue 
tion of Cell Population. Title ef papers Large scale long 
term cultivation of cells im chemically defined medium. (vans) 


Presented paper by invitation before Cemmittse on Cell Culture 

in a conference sponsored by the Institute of Laboratory Animal 
Resources and the Netional Research Council held at the National 
Reademy of Sciences Janusry, 1959. Subject of papers Nutritions] 
Standards for Cells in Tissue Culture. (Evans) 


Participated by invitation in meeting at Wilson Hall, May 1959 
on Characterization, Preservatien and Supply ef Tissue Culture 
Cell Lines, sponsored by Viruses and Cancer Study Section 

Panel Research Grants Branch, National Cancer Institute. (Evans) 
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PHS-NIH 
Individval Project Report 
Calender Yeer 1959 


Part A 


Project 2 = Titles Cell trensformations in vitro. 
a) Carcinogenesis potential of tissue culture media. 


b) Studies om fresh C3H mouse tissue in chemically 
defined media both with and without the sddition 
ef some horse serum. 


¢) Studies on fresh C3H mouse tissue in chemically de- 
fined medium for carcinogenesis. 


Principal Investigators: Y¥.d. Evans and G.A. Parker. 


Other Investigators: Wo Re Earle, and Ann Palke. 


Cocperating Unitss None 


Man yeerss Patient days (Calendar 


Totals year 1959) 
Professional: 
Other 3 


Project description: a) Carcinogenesis potential of tissue culture 
Media. 


Objectives: Toe investigate the pessibility of tumor production from 
injection of 1) the standard chick embryo extract -herse serum medium. 
2) Single members of this mixture, 3) Unfiltered chick embryo extract. 
h}) Chemically defined medium NCTC 109, 5) Used Hiltered supernatant 
fivid from mouse liver cells in vitro. 


Part B ineluded Yes No <x 
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Methods employed: All the sbove media injected inte several 
hundred newborn NIH Swiss, CSU x AKR, and Ci mice. Injected 
animals are being kept one year unless moribundity supervenes. 


Results: A majority of animals have reached the terminal peried 

of emerinental plan. Gross examinatien reveals no clear cut 
indictment of any particular variable. Histelegical preparations 
have been returmed on a large nurber ef animals. Observaetiona 

have been to date on the Swiss and hyorid strains. Frequent anomaliss 
have been revealed in the lymphatic tissues, kidmey, liver and eali- 
very glends. Several caess of enlarged spleen and lym nodes haw 
been seen. Heavy infiltration of lymphesytic cells has eccurred ef 
salivary glamis, kidney and liver . The findings eo fer have yet 
to be finally correlated to find cub if any neeplastic change is 
associated with any specific type ef fluid injections inte any of 
the strains of animals. 


Significances It is heped that the data edtained from injecting 

the 3 strains of animals with the afererenticned media and their 
components will supply base-line lmewledge te the phensmencn of 

cell transformation in vitro and/ or twaerigmecis in leng tera 

tissue culture. Resolution of this problem will aid in ansvering 

the questien of wy cells trensferm after continuous cultivation in 
vitro. It will also make leng term tissue culture strains of additicn= 
al @ignificance in industrial epplication as releted to chemothera- 
peutic testing and other fields. 


Prepesed course ef projects To centinue this study as eriginally 

planned. Shneuld it be ascsrtained that the mdia or any of their 

components contain agente that are capable of preducing patholegi- 
eal and/ or neoplastic changes when injected into newborn anizals, 
then a fertile area of future study is open sor the identification 
and isolation of the agents and fer further studies on the control 
and elimination of such changes. 


Project descriptions b) Studies on fresh CH mousse tigsus culturs 
in chemically defined mediua supplemented with herse serun. ia 


Objectives Te determines the time the transformations eccur in 
freshly isoleted embrycnic C3H mouss cella when they are cultured 
in vitvo ea chemically defined medium supplexented with horse serun, 


Method esployeds Tissue frem 18-19 day old C3 embryos was minced 
and cultured in mediua BOTC 109 + 10% herse serum. Reutine egtablish- 


ment of two series of cultures (3113, 303) by the usual leboratery 
peocedures was carried out. 
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intracevler end intramseular injections ef the tissue were made 
according te the schedule chown im the table im the results eaction. 


Results: The fellewing teble ca page 6 gives the results to date 
ea intrasexler implents. Tre data contained therein shewld be ree 
gerded as expleratery evidence subject to revision by reselts fron 
a third sevies, still ts be carried out, to define to a sharper 
degres the expleratery data eo far chbtained in the first tyo expleza- 
tory sefiss where perfecting uctaeds and techniques ead entaining 
guidelines were of primary ispertance. In addition to the deta in ths 
table somes simple ebesrvabicnal data en the behavior of imilanted 
tissup ia the ers has been collected. At the manent, they have little 
evitical significance out they may be expected te assume izpartence 
as subsequent contivming date are collected: Implants of elesus 37 
ena 51 deys im viteo rounded up inte emall dicrete masses and the 
yest of the epe shoved little reaction ta their pregense. Tissus 73 
and 93 days in vitre ugen injectisn invaded the iris and supsequextly 
was resorbed.” Fissas 121 days is vitre uhen injected spread in the 
eye and affected the pupil. Tissue iy daya ia witso became highly 
vascules and protrusion ef the cornea eccurred;  o8on: eschsicnaily the 
cornea ruptursd, Tissue 168 days in vitre wen injection preduced 
tuners within 17 days; these were largely sarcomateus, i.s.,the 
cells in the tusers are elengate fugiferm cells and eveld with many 
mitoses end definite infiltration in the normal tissue eccurs. 
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INFRACCULAR IMPLANTS 
OF C3 CELLS IN VITRO 
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Signi fies ances These expleratery data show that cells cultured 
in vitro have the capability (by the injection precedure used) 
6f producing tusers im the csye in series I within 5-6 months 
afcer explantation amd series TI within 4-5 maths. In series 
I the transformation appears to have eccurred within a 28 day 
interval and im series Ii within a 26 day peried. This is — 
‘remervebly eloss cerroberabien ef the two and suggests that per- 
haeg wore extensive injections aast be made on cultures fren. 
the 3rd to 6th month of their Mife in vitze in erder te deter- 
mine 1f the 28 and 26 day interval met be further narreved. 
Tt would seem that this informatien ie masceesary in order to 
_ knew the peried of time during uhick investigations way be made 
to dstermize the big-dynamics of the trans ferming phenssenon. 
faese data suggest many leads. First it will be cbserved that 
accelerated erowsh of the cultures ecews prier to the tize 
in the lige at the culture uhen the cells will en injection 
preduce intytecular tusors. 4% the moment there is me way ef 
knowing absolutely whether this hes causal significance er is 
merely perellel scctrrence. If there is the corzsept thet the 
transfermavien is associated with contamination by “a paxticulate 
agent” at a low titer then the interval of tims ef the celis in 
vitee mignt be regseded as the peried required to raise this 
titer eufficiontl# $0 yield enough agent to produce the tumors. 
if tx transformation is considered as resulting from having 
grown the cells under anasrebic conditions with concemi ten’ ay 
aticas in cell zat bacoheer py thea this peried of growth in vitre i 
significant as the ome ia which such a transitioa aartanearc ieee! 
If it is sorry thas the capacity 6f the strain of sells te 
predece tukers on injection is related to a selectian of celis 
in the population them consideration should be given to verya . 
eerly cleming studies ead to confirmation ef the data already | 
cbtalmed with the mixed populations. Furthermore now that the 
time of transformation is quite narrew, as revealed in these 
studies, sexe consideratien might be given to the merit ef a 
limited study of a few months on the dynamles of chromescze 
patterns in the cells, particularly if elemisg studies are carried 
suk end confirmasion ef mixed strain data is ebtained on cloned 
strains. 





Propessé coures of study: Fo confirm results to date and purses 
sone hypothes: se cemsidered under ad soe ance | 


Project deseriptiens ¢) Studies on fresh C3i nevse tigsue in 
chemically ésMined nedive fer careizegenesis. 


Objectives: To investigate 1) Whether er act C38 mouse Mbro- 
wlasts green im chemically defined medium HCTC 109 with se blasta 
grew: in chemically defined medium HCTC 109 wlth no added serun 
will produce tuncrs wen injection inte the strain of origin and 
2) if so after how leag a cultivation tize in vitro. 
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Methods employed: Tisses fren 12-16 day old C3 embryos was 
ealtwred dn modium BCTC 109 with ao added serum. Intreocelar 
injections were sade of fresh emitured tissus and of tissue 
cerrisa by the routines laberabery precedures fer various pericds 
Of GLE 
Results: Several series ef cultures have been attenpted in the 
chemically definsd medium. Each new ene has been increasingly 
better groving than its predecessar. The current ene has been 

in vitro ever 9 momtas. Theegh hardly te be considered as a strain 
Of E8115 it is peasible that it will continue to grow and ultimately 
become ee. Eye implants frem cells ef thees several series have 
been made after the cells have been in vitre 26, 37, $1, 161 and 

211 days. Everyene of these kas reserbed. The rate of grouth of 
the celis im ali these series has been slew. 


Significance: Trere is promise from the lagt series and heps fog 
fuheure peries that a study (simller to that ene deseribed in part 
b), may bs carried cut with cells exmesed caly to nutrient having 
@ completely chemically defined coapsesltien. If this is possible 
greater central can be obtalmed ef culture conditions as they may 
eifect transicormatien ef cells in vitrs. Such a study sneuld | 

reveal soue infermation on the role of media in transforuation. 


Prepessd course: Further eye implents from pare eeries groving 
fer a eager puricd of fresh tissus im chemically defined msdina 
ia phoaged. HEateblisheezt of growth rate microcinemategraphically. 
Following ewe some of the cencepts advanced in part b ef this 
presest. 
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i. Lebor Biolegy 
é, Tiss Culture Section 
3. Beth Hae Meryland 


PHS-8IH 
Individual Project Report 
Calendar Year 1959 


Fars A 


Project 3, Titles Collaborations in Tissue Culture with 
other organisaticus. 


a) Collaberation study om steroid ensyne 
activity of stabilized mouse, human 
liver and other cell strains in vitre. 


b) Project description b- Colleberative 
studies om determinatien of reletive 
antigenicity of long tera strains ef 
human skin celis and fresh skin cells. 


c) Grewth of human skin cells ia chemically 
defined medicm in rapidly egitated fluid 
suspensica cultures. 


d) Studies en the possible use of ROTC 109 
as an intravencous feeding solution. 


Prineipal Investigater: WV. J. Evans. 


Other Investigetora: J. ©. Bryant, E. L. Schilling, WFR. 
Earle. 


Ceoperating Units: a) G. Tomkins, BIAM, 
Leborateeies of Biochemistry end 
Matabolies. 


b) Moa. Fink, 
Virus Oncology Section, BOT. 


e) Ravy Tissve Bank, 
Paul Bakken. 


a) Dr. do. Bolstennoine, 


Veterans Hospitsel, 
Orange, Hod. and Te avy Tissus Bank. 


Part B ineluded Yo Ho xX 
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ate 


Prajecs 3 


Men years (calendar year 1959) Patient Days (calendar 
Totals — year 1955) 
Pretessional: 

Other: 


Project description: a) Steroid enzyme activity of stabilized 
of mouse fibroblasts, mouse liver cells, human liver celis, 
humen skin epithelium, monkey kidney celis. 


Methods employed: Heavy bub prime T-60 cultures of stabilize 
cell strains of mouse fibroblasts, mouse liver cells, human 
liver cells, human skin epithelium have been prepared by our 
methods of cultivating T-50 cultures for Dr. Tomkins fer his 
analysis. (See his repert for techniques used). 


Results: The results are tabulated below. (See page 3) 
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| Significance: These exploratory data collected are of definite 

valus in more accurately classifying cell strains. In additica, 
such stwlies as thege define more precisely which cells in the 
mixed cell pepvlation in am organ in vive are Fesponsible for 
giniler activity in the whole organ or tissue slice. Inferma- — 
tion in this area is one of the most urgent fundamental meeds in 
the advencesent of the practical applicability of the long-term 
tissue culture in cancer research end im other fMelds. 


Proposed course of prejests Continuation of this general type 
of céllaboratien when apprepriate collaborative efforts can be 
arranged. 


Project descriptions b) Collaborative studies on determination 
of relative antigenicity of leng tera strains of human skin and 
fresh skin cells. 


Obfcetive: To determine if species antigenicity is altered after 
prolonged cultivation in vitre at a rapid rate of proliferaticn 
in chemically defined medium Both with added serum and in cheni- 
cally defined zsdium without eny serum. If it is altered by 

such culvure condition, human viruses propegated within the cells 
might be expect to produce viral tumors in mice er affect expert- 
Renval animels more readily then virus from original tumor tissus. 


Metheds emloyeds Several grams of cella were cultured accord- 
ing te leng term lerge scale tissue culture procedures of the 
leboratery. They were then injected into mice and various imsmmol- 
ical tests were rum by Dr. Fink. (See Serial No. 15). 


Hesultss "Espleratery results showed that antigenicity of these 
cells app_ars to have been reduced by the metheds of cultivation 
in vitro. 


Significance: To date no humen viruses have been unequivecably 
asolsted from human tumors. Infermation from this stucy mney 
aid in making these leng term altered cell strains signi ficsnt 
tools for humen tumor virus research. By their use tumors of 
human ofigin might then be studied in experimental enisgais. 


Froposed courses Details indicated in Dr. Fink's repert (Serial 
Ho. h15). Alterations in beth the cells and recipients will be 
attempted to achieve the objective. 
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Project description: ¢) Growth of human skin cells in chemically 
defined medium in rapidly agitated fluid suspension cultures. 


Objective: To define and contrel factors influencing grewth of 
human skin epithelial cells in agitated fluid suspension cultures. 
Emphasis has been placed on adaptation of this strain of cells to 
cultivation in chemically defined medium NCTC 109 with no added 
serum for the potential in virological research, human tumor research 
and reparative surgery. 


Methods employed: These basclally have been previously described 
(See Project 2, 128 (0). Modifications ere thought, however, with 
this strain, to be responsible for some of the success of growth. 
Small 250 mi. shaker flasks are lined with Dew silicone (5% cone 
centration in benzene and baked at 250°C fer 3 hours) and ere 
inoculated with 25,000,000 cells in 30 ml. of NCTC 109 containing 
hOOO CPS methylcellulose at 0.5% concentration. The cultures were 
continuously gassed with 54 COe in air. Cultures were centrifuged 
in the culture flask prior to fluid renewals and 80% renewals were 
made. Populations were determined from nuclei counts of aliquots. 
As soon as a culture reached maximum capacity of fluid allowable 
in the shaker flask culture they are transferred te increasingly 
lerger size shaker flasks that can still be centrifuged, the largest 
being a 500 ml. flask. 


Results: Cultures grow as single celis end small cell aggregates. 
In one culture an inoculum population ef 25 million cells, under 
every other dsy fluid »enewels, has increased to 5h2 million cells 
within a reasonable interval of 31 days. Cultures frem the original 
culture so established have been maintained for 37 and 3 days and 
ere still under cultivation. Harvesting for daughter cultures is 
feasible. The results of using the 0.15% 000 cps concentration of 
Methocel have been encouraging up to new, although there have been 
indications in the appearance of the medium that this viscosity 
may be tco heavy to permit maximum preliferation, Future investige- 
tions using lower concentretions of methocel are being planned. 


Significance: This is the first strain of human celis that has been 
grown in completely chemically defined medium and else the first that 
has been grou in such a medium in agitated fluid suspension cultures. 
The potential for virus assay and virus preduction as well ag possibly 
reparative surgery shovid be far reaching and should be investigeted 
by those immediately concerned in these preblems. 


Proposed course: Effective means of using this cell strain for its 
full potential significance is open for consultation and collabora= 
tion, (See Series No. 115), Continued imprevement in the technology 
of cultivation of this strain of cells will be made, including the 
point mentioned carlier with respect to modification of concentra- 
tion and type of methocel for improving the amount and quality of 
growth. . 
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Individual Project Report 
Calendar Year 1959 


Part & 


Project Title: Studies of Cell Metabolism in vitro. 


Principal Investigator: B. B. Westfall. 


Other Investigaters: E. ¥V. Peppers, Vod. Ewans, K. a Sanford, 
J. C. Bryant, Th Ro ae E. L. Schilling. 
a 

Cooperating Units: None 

Men Years (Calendar year 1959) Patient Days (calendar 
Totals year 1959) 
Professionals 
Other s 


Project Deseription: 

As befere in reports covering the work of this group these in- 
vestigations are part of the problem study of the celluler origin 
of cancer. In actuality, several aspects of cell metsbolisn are 
under consideretien. These are 1) Studies on nucleic acid in cones 
term strains of tissue cultures; 2) Studies on glycogen content 3 
3) Studies on the Lipid and cholesterol contents ih) Studies on fees 
ials such as amino acids removed from the médiun as pies ag these put 
into the medium by the edlls during growth in the mediums 5) Studies 
on the keto acid content of used mediums 6) Studies on the engyine 
activities, particularly arginase and catelese activity, of long= 
term cells and of tumors derived from injections of these cells. 


Part B ineluded ' Yes No x 
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Objective: The first objective is to collect information on these 
long-term strains. The witimate DEERE, is to learn if signifi- 
cant differences exist between 1) cells of different origin, 2) 
cells grown under different culture conditions, and 3) cells of — 
different tumor producing ability. 


Methods Employed: Cells and medium from leng-term cultures in the 
Tissue Culture Section are used in all these studies, Adaptation 
and time consuming medification and validation of classic analytic - 
cal methods ere required for practically ell precedures employed. 


Major Findings: Findings in the nucleic acid study as well as 
these in the glycogen, the lipid, and the chelesterol studies 

are being assembled in manuscripts. Strain differences sccur in 
respect to the content of all ef these materials. Seven strains 

of cells, for example, of mouse fibroblast origin hac no detect= 
able glycogen. Interestingly enough, however, after several years — 
in vitro, skin epithelium still stores glycogen, and two of the 
three liver epithelial cell strains studied also store it. Strain 
1795 which was derived from a hepatoma arising on injection of tissus 
culture celis of liver, has lest its capacity to store glycegens 
neither doses the tumor tissue frem mouse injections of these ceils 
any longer have the capacity to store glycegen. 

The cholesterol centent of the cells im all cell strains studied 
in chemically defined medium without any serum is decidedly less then 
when serum is present in the medium. 

Nucleic acid studies to date have been’ confined to mouse cell 
strains. DNA is higher per nucleus in strain L fibroblests (NCTC 
929 and NCIC 2071) than in eelis ef fresh mouse tissue, and is also 
constant, i.e., 17 micrograms per million uuciei 72 hours after 
fluid change. RNA content per cell is 2 to 3 times as great as the 
DNA content per nucleus. 

Irrespective of the origin of the cell strains, alphe kete acids 
are formed by all of the cell strains tested3 these acids are 
liberated inte the medium at considerable concentrations. 

The enzyme activity of many of the cell strains has been examined. 
The findings on the similarity of keto acid production fer all strain 
are puzzling. The excess may be disskerged into the medium because 
of a ratio use of them at a given time. Similarity ameng all strain 
studied in respect to aiphe keto acids preduction points to the 
considereble similarity in metabolic behavior from strain te strain 
of cells in at least this one respect. 

From the engyme studies there igs the demonstration that cells in 
vitro can keep some of their characteristic enzyme activity, and in 
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fact show increases in activity; sometimes they lose all measurable 
activity. For example the arginase activity of some cells was 
markedly increased. This indicates that the cells are relatively 
unstable. In the light of our present state of ignorance of the 
cause of cancer, such changes in enzyme activity of cells might have 
significant bearing on the cancer process. Stanfield Rogers has re- 
ported nucleic acid from Shope Papilloma virus induced high arginase 
activity in rebbit skin cells so therefore tumor agents may alter 
enzyme activity of cells to the degree that a specific alteration 

is associated with tumor preduction. It therefore might be possible 
that the bodies seen in electron microscope sections and judged by 
Dr. Dalten to be virus-like In the two tumor lines of Sanford with 
high arginase activity could be associated with this type of phe- 
nomenon. 

The studies in cell metaboliem are congidered to have particular 
significance because the cells studied are from carefully controlled 
long established cell strains wnere chsracteristics and behavior in 
tissue culture have been observed fer lenge periods of time. Uniformity 
of treatment. of the culture and the availability of much information 
of the effects on reinjection of cells makes these cell strains of 
unique value for coll metabolism studies. Considerable emphasis on the 
arginase activity and catalase activity studies shows that strain 
aifferences do occur. In particular all of the liver epithelia are 
high in arginase. The catalase activity, though lew compared with 
fresh liver, is egtscesiy high compared with fibroblasts. Catalase 
activity is low in all lines of fibreblest origin. High and low 
tumor producing lines of fibroblasts (see Sanford 28 (e) are both 
higher in arginase than is their parent Line. 

Significance: Ce! 
in chemically def. 
fatty acids. 


iis can synthesize cholesterol when they are carrisd 
ined medium which does not contain cholestercl ar 


The finding of low glycegen in the liver strain is wmique in that 
it implies that calis of this tumor strain have lost certain enzyme 
activities or a single key enzyme concerned with the deposition and 
mobilization of glycogen. 


Cells obviously make protein since they grow. However, in the 
rapidly growing non-disintegrating culture, they do not throw amy 
of this protein away into the medium. This point is a unique and first 
finding which has come owt of the use of the completely chemically 
defined medium. ‘this point has been demonstrated with both the strain 
iL cells and the monkey kidney celis each of which have been grown on 
protein-free medium. 
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Proposed course of the works Great emphasis will be put on the 
continuation of the studies concerned with materials removed from 
the medium and those put into the medium by the cells. Silgnifi- 
cant results should be attained from the unique cell strains which 
have been carried for long periods of time in medium to which no 
protein has been added. These showld be particularly significant 
in aiding the program on simplication of the completely defined 
medium as well as suggesting leads in designing defined media for 
ceil strains which so far have not been grow in any such defined 
media, Such studies will entail the use of tegged materials using 
radioactive preparaticns. This work will be unique because metab-= 
olism studies in vitro to date have been confused by not having been 
-done on long term strains cultured in the absence of added protein. 
Glycine and serine for example increase growth rate of cells: they 
might therefore be incorporated into the nucleic acids of the cells. 
Whether or net this is so needs to be determined. Many investi- 
gators using serum in the medium have said glycine and serine are 
not essential in the medium3 se this controversial point on the 
function ef these amino acids assumes significance. Thig and simi- 
lar studies will be approached through the use of radioactive iso- 
tope tracers. Also since cytidine and thymidine are used in the 
chemically defined medium, studies are now being planned to in= 
vestigate the possible rele of B12 and felic acid in their utiliza- 
tion of these two nucleic acid derivatives by means of tritium 
tagging. 


With an increased number of clene strains of cells now able tea 
grow in chemically defined medium free of added orotein, and with 
inereased and increasing simplification of this: edium, plang are 
now being made te continue study along the indicated lines. 
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‘ Serial No. 128 (2) = Project 1 

: 1. revory of Bielogy, 
2. Tissue Culture Sectica, 
3. Bethesda, Marylend. 


Pas-NIs 
Individual Froject Report 
 Galendar pees 1959 


Part A 
Froject Title: Vitasin requiressnts ef a strain cf mouse 


cells.as tested in a pretein-free chemically 
éefined medium. 


Principal, Investigater: K.E. Sanford. 


Other Investigators; |§ Lt. Dupree, A. B. Covalesky, WR.Earle. 
Cooperating Heitss ' Nons 
Mea Years (calendar year 1959)s Patient Days (calendar ‘ 
 ‘Tetals year 1959): 
Professional: 
Other s 


Project Desoriptions Our cbhjectives are 1) to simplify protecin- 
free chemically defined medium NOTC 113 by elimination ef all 
vitaning not requised by the cells fer rapid preliferation. 2) 

to define precisely the vitamin requirements of these celle uier the 
experimental conditions used. 5) In particular, to evaluate the 
interrelaticnships ef folic acid, B19, and thymidine for cell 
proliferation. 


Methods employed: Celis ef a strain ef mouss Hbreblasgta, NCTC 

3071 were grow for 2 months on media lacking each of the 18 
Vitenins. Strain 3071 is strain 2071 adapted to gravth in chemical) ly 
defined coenayme free radium. eee this peried, waich we four 
necessary Zor vitemin depletion, the growth response of the cells 

to the added vitamin wag quantitatively measurec. A new madlun 
containing the requisite vitamins is being evaluated and eemmared 
fer growth stimulation with the original med wing 
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Mejar. Andingss. Quantitative studies have been completed on vitamins 
4,0,K, pyricemel, pyrridexine, niacin, niacinamide, riboflavin, B12, acid 
pantothenate, cheline chleride, folic acid, thiamin, E, p-auine benzoic/ 
ascorbic acid, and inositol. ixperinents. ure still in progress on bictin 
Further evaluation of Big requirezents in the absence and presence of 
folic acid and thymidine is also in Progress. Vitamins, which in this 
medium, are required fer cell survival have teen identified as panto 
thenste, cheline chlorides, niacineamide, and riboflavin. Vitamins not 
apperently required fer cell survival but which stimlete increassd 
eell proliferation rates are folic, pyridemal or pyridexine, and 
pessibly bietin, One substrain appears not to require pyridoxel at all, 
oh seiaias ull teste comparing this variant with the original strain 
im pregress. All of these vitemins hare been assayed im the 
eee ef esensynuss. The further investigation of the possible imo 
portance of Big will be carried owt with chemically defined pretein- 
feo msdium NCTC 117 containing only tua of the four nacleic acid 
derivatives, decxycytidine end thymidine, required by these celia in 
this nediua as show by Evans. With this new medium, the imterreia- 
tionship of these compononts fer cell growth may bs evaluated, 


Significance: Studies by Chang sad ethers have shown that disiyacd 
serua preteina may be contaminated wlth many different vitamins. Por 
this reason a system such ag the one develeped in this leboratery, 
fese of added proteins and else antibietics vaich sould fever intra- 
eelluier bacterial Enpeth, is unique fer asewrate studies of vitania 
wequirezsnts and interrelationships. These studies are significant 
eas a step in sisplifying msdium NCTC 115 fer further comarative 
gtudisa on metritienal Fequiremnts of cell strains. With such s 
conpistely defined medium, reduced to only these comeonsuts the eslls 
actually require, the role of each of the components in stermediary 
metsholism can then be examined waler rigidly controiied coud s4 tions. 
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' NCI 
Serial Wo. 128 (¢) ~ Projeet 2 
1. Laboratory ef Biology 
2. Tiseue Cultura Section 
3. Bethesda, Maryland 


PHS-WIH 
Individual Project Repert 
Calendar Year 1959 


Pose & 
Project 2, Titles Sarcomateus transformetion and persistence of 
ea the massmary tumer agent in long-term cultures 
of mouse mammary carcinons. 


Principal Imvestigater: NK. Sanford. 


Other Investigators: LoF. Dupree, A. B. Covalesky 
and WR. Earle. 


Coeperating Units: HB. Andervent, leboratery of Biolagy, 
fT. Dunn, Leberatery of Pathology. 


Han Years (calendar year 1959): Patient Days (calendar 
Fotals year 1959) 
Professicnal¢ 
Other 3 


Frejsct Descripticn: . 

Cojective: This project is divided into three parte with three 
aifferent objectives as follows: Fart 1. Te determine uheuher 
the meanery tumer agent persists im leng-term cell strains 
cultured fren spontensous mamsary carcinemas of strain C2 mice. 
Part 2. Te examines the influence of two types of culture meciun 
en SAintensnace of call differentiation in long-term cultwre. Fart 
3. Te explain the sarcozatous trensformation which cecurs tra] 
quently in these cell straing. 


Part B inpcleded Yes We xX 
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Metheds expleyeds: Long-term cell strains were esteblished in 
culture from 9 primsry tumors taken frem strain C3H female mice 
with the agent and from 9 transplented tumors carried fer two or 
more generations in hybrid mice to replace the C3H stroma with 
streza from the hybrid heat. Such transplanted tumors when ex- 
planted to culture would contain the tumor cells and hyorid 
stromal cells. By euitable transplantation experiments, and by 
use ef single cell clenss, the identity of these cell types could 
be established. 


Major findings: The mamery tumor egent appears to persist in 
certain ef theses esl] strains fer perieds of over a year. Howe 
ever, mo activity of the agent could be demonstrated in cultures 
that hed undergens a sarcemateus change. Differentiation of 
Eagmery carcineza cells was maintained in certain cell strains 
cultured in serum-supplemented chemicelly defined medium but not 
in medium containing serum and chick embrye extract. Experimental 
evidence indicates that the sercematous chenge in the cell popu- 
lations may result from sither of twe entirely different phenezenas 
1. Malignant transforrzation ef the stremal cells in culture and 
2. Mewprelegic alteration of the malignant cells of epithelial 
origin so as to resemble celig of mesenchymal crigin. 


Cultures of tvo of these straing have been examined by Levan and 
Heu who have prepared manuscript om the chromosomes of the celis. 


Significanmces A predlem of practical as w-1l as theoretical ine 
terest in studies of the mammary tuzer event ie wether the agent 
cemtinuss to propagate in leng-term cultures of the tumer. The 
results ef this study ere significant in demonstrating activity 
in certain of the call strains fer perieds of over a year. The 
rele of culture media in maintaining cell differentiation in 
rapidly growing pepuletione of cells has considerable bearing en 
eell transformation studiss. 


the frequent reports ef sarcoxetous transfermation in mammary 
carcinesss transplanted in vive or in vitro have resulted in 
considerable centreversy a3 to uhether this is a conversion of the 
carcinoma cell or the result of a malignant change in the strexa. 
The chem ef these experiments showed that both processes eccurred 
in culture. 


Proposed course ef preject: A manuscript in preparation will be 


completed. . Certain of these strains will be continued for electra 
micrescepe studies by Dr. Dalton. 
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Serial No. 428 (e) = Froject 3 
1. Laboratery of Blelegy 
2. Tiseve Culture Section 
3. Bethesda, Maryland 


PuS-HIR 
Individual Preject Repert 
Calendar Year 1959 


Fars A 
Project 3, Titles Cell transformations in witre. 
Princlpal Tavestigaters K.E. Santerd. 


Cther Investigaters:s Lot. Duseee, A.B. Covalesky, 
3.8. Westfall, and WR. Earle. 


Geoperabing Usitss Name 

Men Yeors (calendar year 1959): Patient Daye (calendar 
Totals year 1959)> 
Professionals 
Others 


Preject Descriptiens | 
Csjectives This preject consists of a nexper of separate studies 
which will be considered under the abowe heading. 


Study 1. Frecedu@re for the growth ef single isolated tisaue calls. 
Eiferts have been made te elaplify ami impreve the cloning techuleus 
and to prepare suspensions cf single celle from freshly isolaved 
tissues. An improved cleming procedure has been developed. This 
atuay is significant tecause a precedure far grewih of single isclated 
esils is requisite for studies on cel) trans ermations im wltes. 


Study @. Alterasticns within a clene of mouse temer eslis, A cienal 
enalysis of a lew arginase line ef a clese of mouse tumcr ealle kas 
shou hereditary differences im arginase activity within thie Linc. 
Differenesa im ensyme activity between cells of a clozs reveal ad= 
aitional hereditary chenges afgecting enzymes synthegis or activation 
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during culture. A manuscript on this study ia almest ready fer pub- 
lication. 


Study 3. A clenal study of mouse pulmonary carcinoma. A single= 
esll clens of pilmemary carcinoma is being studied fer evidence 
of sarcemateus change. 


Presesed course of projects Thess atudies will be completed. 
Further studies on the malignant transferastion of normal tissue 
eslis in vitve will be persusd. An experiment is being planned 
te test the role of ensercbiosis as a factor in this change. 
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Part B Heners, Awards and Puplicatiens:. 
Peblications other then abstracts: 


Sanford, K.K., Merwin, R.M., Hobbs, G.L., Young, J.HM. and 
Eerie, WR. ¢ Clenal analysis ef veriant cell lines trans- 
feorasd to salignant cells in tissws culture. J. Nat. Cancer 
Inst. 23¢ 1959. 


Sanferd, Ke Bos Lervin, Re Ho, Heobds, G. sels and Earle, WoR 8 
‘Influence of animal passzge on a line of tissue culture cells. 
J. Nat. Cancer Inst. 23: 1959. 


Weeds, M. W., Samford, K.K., Burke, D., and Earle, W.R.8 
Glycelytis properties of high and lew sercemacpreducing Lines 
and clones of mocse tissue-culture celis. J. Kat. Cemcer Inst. 
233 1959, 


Sanferd, K.K., Westfall, B.B., Weeds, H.W., and Earls, .R.: 
Metebolic variations within a clene of mouse fibroblasts 
transformed to necplastic cells in vitro. Acta Unie Intern, 
Centra Cancrum. in press. 


Henors Pclating to this prejects Invitation toe present a paper 
to the Mesbengton Pathologists Asseciation entitled "Preductien 
of malignancy im tiesue ewltures of single-cell erigin®. A.F.I.P. 
Hor. 10, 1959. 
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Serial Ho. u28 (e) = Froject 4 
1. Leboratory of Bislogy 
@. Tissues Culture Section 
3. Bethesds, Mexyland 


PHS-NIH 
Individual Project Report, 
Calendar Year 1959 


Part A 
Project h, Titles Sems effacts of polyoma infection on eslis 
in long-term tissus culture. 
Principal Investigeters K.K. Sanferd 


Other Investigators: A.B. Covalesky, LT. Dupree, WR.Earie. 


Coeperating Unites A.J. Dalten, Leboratory ef Biciogy, 
R.C. MacCardie, Laboratory of Pathology. 


Man Years {calendar year 1959): Patient Days (calendar 
Totals year 1959) 
Professionals 
Other 3 


Project Descripticn: 

Objectives: Our cbjectives are to determine 1) comparative 
effects of polyoma infection on 6 coll strains in vitrs, 2) 
evidence for and persistence of virus in 3 cell strains 
cultured frem perctid tumors, 3) some effects of polyoma om a 
clene ef cells from mouse s2livary gland tissue. 


Methods employed: Cells have been infected by filtered extracts 
ef parotid tuzors. Assays for virus activity have been made inve 
Swiss mice less then 2; hours of age. Phetographic evidence as 
well as quantitative growth responses of cells after inisction 
have been made om replicate cultures. Both living colls and ‘ined 
and stain preparations have been examined. Aseays for malignant 
potentialities of infected cells have been made Into mica. 


Part B ineiuded Yes Ne x 
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Preparatiens have been given to Dr. Delten fer electron micro- 
scope studies and to Dr. MacCardle for examination of golgi and 
other cell details. 


Major findings: Bix long-term strains have been compared with 
respect to maintenance of viral activity and cytepathogenic 

effect of polyoma infection. Of these, two strains of adult 

Ci Mbreblasts and one strain of chinese hamster tissue cells 

showy no conspicuous effects ef infection. Three strains, a clene 

of mammary cercinoza, a clone of galivary gland(both paretid and 
eubmaxillary) cells from nermal tigsue, and a strain of C3 enbryon- 
ic cells ers susceptible. Effects of infection of the clene fron 
normal paretid and submaxillery tissue are being investigated. Strains 
cultured frex parotid tusorsa have teen studied with respect to activ- 
ity of virus, cell morphelegy, transplentability, especially fer 
ceaparigen with the treated normal cells. Many assays have been made, 
bet experiments ars still in progress, se results cannot be gum- 
marised at this time. 


Signifieanees This preject may have significance from two points 

of view. A clene ef cells has baen established that may prove 

exe of the mest satisfactary for plaque techniques. Cells are 
susceptible and form a continuous epithelial monolayer on the flask 
fleor. Ssceendly, possible nusouplastice effects of the virus on these 
cells in vitro, if present, would previde a use ful teel fer controlled 
stwiy ef carcinogenssis in vitro. 


Prepeged plans This prefect will be continued in an effert to obtain 
the immediate chjectives Listed. 
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Lebarat 28 (0 @f Bielegy 
2. Tissue Culture Section 
3. Bethesda, Maryland 


PHS-81H 
Individual Praject Repert 
Calendar Year 1959 


Part A 





Project Titles Studies in tissue culture of the malignant cell 
and of the normal cell from which it arese. (This 
is a general title for all work in this Section). 


Principal Investigator: WR. Earle. 
Other Investigators: See 28 (ea) threugh 428 (e) preceding. 


Cocperating Units: Listed under parts (a) threugh (f). 


Man Yeare Sammars year 1959): Patient Daya (calendar 
Totals. ; yeer 1959). 
Professional: 4 Kone 
Other: 1 


Project Description: The abeve preject may be censidered az ine 
general title for ell werk in the Ssctien. Under the present sub- 
head 428 (£) will be outlined a number of activities net included 
within 128 (a) threngh 428 (2). 


1. Constant temperature Rosm 32), has been calibrated tentatively 
to a satisfactory degrees of steuracy and reliability. The reom has 
already been placed in uso (September 1959), bat only fer a substan 
tial part of the cultures, until sufficient time hag passed and 
enough extremes celd weather seagemal changes have eceurred to there. 
oughly establish the leag term reliability ef the temperature con- 
trol. 


Part B included Yes x Es 
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Tho room is already allowing considerable increase im work efficiensy, 
ard thie will be substantially further increased vhen "slet" panels 
for reaching cultures from outside the ream have been completed. Two 
incubators have been discarded and others will fellow at ea later dete. 


2. Werk and plens for work with the comparative moticn picture camera 
have been described under 428 (a). Equipment is on hand and facilities 
are being installed for mere precise amd rapid develepmont of fila. 
Full activation of this development equipment is being accomplished as 
other equipment is relocated and rearranged to meke full use ef cen- 
stant tezparature Reem 32h, Room 322, and “ark Reom 331, containing 

_ the new film developing machine. \ 


3. More accurate metheds for centrelling gas tension within cultures 
are being worked ext im an attempt to insure better aerobic conditiens 
within culturssa. Ja colleboration with the Instrument Design Section, 
Reesarch Services, ax apparatus for electrenically centrelling the 
gas flow threugh the gas phase of agitated fluid suspension cultures 
has been devised and put in use (See h28 (b). Special attention is 
also being given to alterations in culture design se ag to insure mare 
continuous and controlled aerebiosis and/ or anaereblosie as may be 
needed to study the influence of these two majer factors em esl) growth. 





ho Mere precise and reliable metheds of usdia sterilisation are now 
under consideration and study. 


(5. The check List of publications from the Msave Culture Ssetian 
has been brought up-to-date, February 1959, and is néw available in 
Limited number for distribution. ep ee 


6. Better equipment for washing pipettes (use in large nusber) is 
now on hand and is being testes. : 


7. Close collaberation is being maintained with designers ef Corning 
Glass Works in development of a better design of all gless water dis- 
tillation equipment. One trial umit ia Bow on hend for teasing. 


8 A patent covering principles and metheds of grewth of fixed anizal 
cells in deep agitated fluid suspensicn cultures is still im precesas 
(assigned to United States Government). A patemt interference by 
ons of the pharmaceutical companies was regolved in favor of Earle ct 
al, except insofer as the methods may be applied te virelegical 
¥es.arch. This exception is unsettled te date. 


Patent ( assigned to U.S.Covernment) om the design of the *F° 
siries of culture flasks has been issusds patent covering radical 
innevatiens in fabrication is im precess pesMng dispesition of an 
interferences action by the Corning Glass Werks. 
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9, The consultancy of WR. Earle and ¥. J. Evans with the Tissue 
Benk, National Haval Medical Center, has been continued. They are 

in continued interaittent congultation and collaboration, including 
1) methodology of freesing and preservation of cells, particularly 
bons marrow cells, 2) use of the micrecinematograph, and 3) adapta- 
tion of human akin epithelium. All of these subjects actually fit 
in very clesely with linss of research in the Tissue Culture Section, 

¥.C. fT. 


10. During the last year we continusd to have an extremely large 
muber of visiters, many of whom have been from fereign laboratoriss 
or whe have coms through to evaluate the practicability of setting 
up tissue culture work in fereign countries. Still another group 
hag beer priserily interested in eur methods which have maintained 
culture strains over many years free frea demonstrable pleurapneumoniac — 
like infectiens. Practically all visiters have been primarily interested 
in tissue cultwre and its applicability in variaus Lines of work. Many 
have had specific technical inguiriss om ubich we could advise then 
with respect to difficulties encountered. Others have wanted to see 
the general design and operation ef the procedures ena equipment of 

the gectien. Seas have asked autherization to remain end work hera 

fer an extended time in erder to obtain training. While we have tried 
te assist such workers, lack of space and equipment facilities have 
ferced us to limit the time allewed te what a worker could observe 

in 6 limited ausber ef hours. Im each instance we try to evaluate the 
needs of each individual visiter er greup. There is no dewbt, hoxever, 
that this handling ef visiting prefessiozal personunel is extrem: sly 

time consuming. Further, the time taken up is that of the professional 
staff because very few visitere are of a type whose desire for inforsza- 
tien can be met by mtrained of subprofessional perconnsl. 


‘li. Insofar as appears to us practical we try to furnish parent 
cultures to aliew other workers and leberataries to start cell strains 
in thelz ow ergenization. Ne eell strains ere furnished which sre 
commercially availeble, or available from other sources, in setiae 
factery condition. Cells strains furnished by Tissue Culture Section, 
NGI, under conditions previeusly approved by the Direator ef the 
 Netieaal Cancer Institute. 


12. The Zeiss inverted (Plankton) microscepe is at present canxidered 
by far the best sicroseepe for tissue culture sines it wes first intro- 
dused inte this Meld by werk and publications of the Tigsue Culture 
Section, Laboratory of Bielegy, B.C.I. Hewever, ‘this instrument was 
net originally degigued for tissus culture work. Im recent conferences 
in this Section, held with the Chief Microscape Optical and Mechanical 
Designers of the Zeiss Company, extensive discussions were carried an 
te redesign this microscepe particularly fer tisawa culture werk, ine 
cerperating inte 1% various changes which have bean made in this 
instrument in the Tissue Culture Section, Laboratery ef Bielegy, B. Cok. 
er were suggested by ite personnel. 


678 


} fy Ad i oN oy i : y 
Ny ; | ih ; he 
ea r 4 i) 
Ri 


i) 
Hess i 

t te 

ve 

AS UiPhey 


i 


lpi 
Sales SG 


bi 
tat i eee pata 
by 


Or Gh 
Nn) tN lit 


tay 
ew Mean 
Tae} 


i 


pel 


eri) Nh Pt 
ie all im 

th ante ih aren tee 

iY y BAN 


Ri 
tT Avie 


ap 


MH ah 
Ret ip 
LA ns 


» 
wi 


i 
Ny by 
ey ty ae 
Shae 
PERNT 
est ie 


va ea 
honk yh Wane a) 
i ae 


(sles 
Min ibis ‘4 ‘iP : \ ae 
ct i 1 ay i cae mi PT Se ine 


fr ok 


ny 
i 


%) xh 


ine 
i He hae 


eal bi 
iy 


Ae 
ae PON 
“a i 
mi midi 


Wi a 
Leek 
HOt 


AR! 


if 
aA 


i 
A 


r\ i 
Bath aha UNL Sa aa NY 
7 ge ng i Mi aaah sR UY RAV bh Wh A Ah Ht i SAN 


rio 
a mei LEN hh ye eh i 


. RTS} id 


rit 
ny iy iW ata) k 
sna i. 
eee Di 
Mi my 


nye 

wy wh Ni 
Nay hi ! 
OUST 


a YR Nh 
wh eh 


i 
vant 


i us i 





NCL: 
Serial Wo. h28 (f), Page h 


part B Honers, Awards, and Publications. 
Publications Other than Abstracts from thie project: 
1) See reports 128 (a) through 428 (e). 


2 Eerle, W.Ros. Long-term cultivation of animal tissue cells 
in large cultwes. Fedn. Proc. 17(l) : 967-97h, 1958. Presented 
by invitation April 1958, but published too late to be included 
in 1958 annual repert. Sse 128 (c). 


Honors end Avarde relating to this projects 
Continued as consultant to Tissue Bank, U.S. Neval Medical 
Scheel, National Naval Medical Center. 


Continued ctngultation requested by Eli Lilly Research’ Insti- 
tuts on various tschniesl points in tisaus culture. This 
consultative arrangezent ia considered of substantial values ia 
advancement of the werk ef the Tissue re Section, Rational 
Cancer Institute. 


Served won invitation as Moderator of Conference on Cell Culture, 
Jemary 13, 1959 at the Netional Academy of Sciences under the 
Auspices of the Institute of Laboratory Animal Resources, Natienal 
Regsarch Council. 


Served upon invitation in three conferences during 1959 on "Char= 
acterization, Preservation and Supply of Tissue Culture Cell Lines", 
spensersd by Virus and Cancer Study Section Panel, Research Grants 
Brench, National Cencer Institute. 


Invited te give a series ef lectures at the Institute ef Celi 
Physiology, University of Nebraska, Spring 1959. This invitation 
was held over at my request until Spring 1960 because ef pressure 
of work on the constant temperature room and other equipment. 


Presented & peper on invitation, "Long-term Leege Seale Tissue 
quiece befere the Cosnetics Chenists Society,. a York, May 
T, 1959. 


ping cate upen invitation the High School Teachers of Reanoke, Va. 
on “Long-term Lerge Scale Tissus Culture in Cancer Researdi® 5 
April 1959. 


Addresseé upon invitation the Instrument Design Sestion, Division 
of Research Services Seminar, NIH, on Tissue Culture, April 1959. 


Invited to address the Instrument Design Section, Division of 
Research Servies Seminar, NIH, on the Theery of Tissue Gulture 
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Miscellansous conferences with British Broadcasting Company Tel- 
evision Division on scenario and filas fer program, Octcher 1959. 


Invited to give paper and participate in reund table discussion on 
Carcinogensais, Berlin, December 1959. Wasa wmeblie to acespt since 
clearanes was net obtainable. 


Invi‘ed to prepare outline review article for mew Scientific 
american Hagasine presenting work of the Tissus Culture Sectica, 
Laberatery of Biolegy, N.C.I. Tentatively accepted invitation 
pending authorisation. Me ; 
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Serial No. NCI-410 
1. laboratory of Biclegy 
@. Virus Oncology Section 
3. Bethesda, Marylend - 


PaS-NiB 


Individual Project Report 
Calermlear Year 1959 


Peijects Pitle: Eiclegical and bicchemical studtes on a mirine 
levkemia virus recovered from Sarcoma 37 


Principal Investigator: J. B. Moloney 
Other investigators: Rome 
Cooperating Units: Nene 

Total: 


é 
Profassional: 2/3 
Tova; 2 


Man Years (calender year 1959): 
: 2-2/3 


Project Description: 


Objectives: A comprehensive study of the biology and bischenistry 
of the leukemia virus, with a view teveard an understanding of the nature 
of the agent. end its relation to the neoplastic process. 


Methods Reployed: 
Origin, Source and Extraction of the Virus 


Sarcoma 37 which had teen carried by M. E. Barrett, of this 
Institute, for 195 tumor generations in A/ILN mice ws transplanted to 
BALB/c mice and carried in this strain for 3 tumor generations before 
attempting tO expract the leukemia virus. It is of interest te note 
that after 50 pasesges im mice (BALB/c) the sarcoma still yields the 
leviemisa virus. Similarly leukemia originally induced by celi-free 
extracts of Sarcoma 37 is really transplantable within mouse strain 
and these whole cell infuced leukemias (developing im 100 percent of 
the recipients in l0-lk days following I.P. inoculation) serve as an 
excellent source of the virus. For additional vires sources sue 
below under tumr verlents. 


Extraction of the Virus fran Source Magues 


Guo precedures have been developed for the recovery of the 
leukemia virus from souwree tissues. These are (1) a standardized 
methed of differential centrifugetion (elternating high anil low speeds) 
andi (2) a standardized tecknique axzploying hacteriolegical filtration 
methods in combination with differembicel] ultrecentrifugtion, « 
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technique which insures the preparation of ean «cellular concentrate. 
fhe above procedures yield concentrated ceil microsome fractions 
which contain the biologically active virus material. Such fractious 
derived from Sarcoma 37 ami ths virus induced leukemic tissues were 
empleyed in biolegical, physical and bicchemical studies, the results 
of which are described belev. 





Biological 


i. he recovery of virus from leukemic material is primarily 
dependent on cancentration of the agent im the source tissues. To - 
determine from which of the three most grossly effected tissues (liver, 
spleen, lymph nodes) the greatest amount of virus could be recovered, 
pools of these tissues were fractionated separately according to 
procedure (1) above. As determined by latent periods (time to death 
with leukemia follewing virus inoculation) and percentage incidence values 
it was found thet leukemle liver is a relatively poor source of the virus. 
Levkemic spleens and lymph nodes are essentially comparable, both 
yieléing high concentrations of the virus. Cell-free concentrates 
(0.5 gm. eguivalen’ per ml.) of leukemic lymph nodes when diluted 107% 
produced leukemia in 100 percent of the teat animals with a mean latent 
period of 4.5 months. 


@. The host specificity of the leukemia virus, with regard to 
both age and straim of the recipient, was imvestigeted. Age--BALB/c 
pice ranging in age from less than 1 through 67 days vere inoculeted 
with virus recovered from either Sercoma 37 or the whole ceili induced 
leukemias (see above). A 100 percent leukemia imeidence ws obtained 
in all ase groups, however, the latent period was somewhst extended in 
time im the older mice. Results of an experimen now im progress 
in@éieate thet mice as old as 5.5 Bonths et time of virus imoculation 
die with leukemia vith latent periods ae shore as 3.0 mouths. Strain-« 
@o determine the degrees of strain specificity of the leukemia virus | 
the following strains of mice, kimily furnished from the inbred colonias 
of 8. B. Andervent, were imoculated: BALB/c (reference), C3H, C3HY, 
A/LN, Swiss (gemeral purpose), I, RITI, DBA/2, amd CS7BL. The resulting 
experimental date iu@icate that the leukemia virus is not strain 
specific. The incidence of lysphocytic leukemia (essentially 100 percent) 
and the meen latent periods among the inbred strains tested showed no 
significant deviation fron those of the reference strain. Mice of tke 
C5S7BL strein showed a relatively low leukemia incidence (28.6 percent). 
This finding might indicate ea degree of resistance of this strain te 
the leukemie virus. This ineeresting point is being investigated, 
with experiments In progress degismed to determine the effects of bovh 
the concentration of virus Im the inoculum and the age of the host 
at the time of virus inoculation (see also NCI-h10(2)). 
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in an effort to determine the susceptibility of the progsny 
éerived from strains showing e lew spontaneous incidence of the 
@isease and to Soviher demonstrate any “diluéion effeet" of strain 
specificity which might be apperent by out of strein satingz, F. 
hybrid mice vere inoculated with the virus. These progeny pecutted 
fran crossas betusen the males of the inbred strains listed above ami 
the females of the BALB/e straim. All of the animals of the hybrid 
grevps died of leukeuls and the average time to death 414 not vary 
significantly from the mean survival time of the inbred BALB/c wefevence 
strain. Thus, es indicated, ao dilution effect of strain specificity 
WAS eppsrent by the out of strain matings. 


3. Selective virus passage: Tee potency of the virus has been 
increased through a series of experiments termed "selective virus 
passage.” The procedure was to select the first animals of an experi- 
ment that presented macroscopic evidence of leukemia. The hematopoietic 
organs were extracted, Mitered, ami the virus concentrated by dif- 
ferential centrifugation. Newborn mice were then incculated subcutancously 
with the cell-free virus comeentrats. Usimg such a procedure and 
after & passages the potency of the virus bas been increased as shown by 
@ decrease im the latews pericds (tims to leukemia induction) fram the 
extremes of 6.4 womths to 10-12 weeks fox 100 percent of the animals. 


4, Pathology of the induced dicease: Macroscopice-The disease 
presents the ugual pletarre of iIyamhocriie leukenia, similer to that 
which eccurs spomtemsously in nature. All. the diseased mice exhibit 
greatly enlarged spleens (10-20 times nosed weight) and livers. 

She peripheral end mesenteric nodes show massive involvement, and the 
thymus is infiltrated te the extent of covering the anterior portion 
of the hears. 


Ro nseplasms other then those of the lymphocytic type have bean 
ouservad grogsly or microscopically in any of the test animals. 


Microgeopic--Dr. Thelma Dunn of the Laboratory of Pathology 
has revieusd the tissue preparations. fhe peopleastic cell was found to 
pessess & round or slightly inmlented nucleus surrounded by a narroy 
vim cf besephilic eytoplasm. Mitetic Meures were frequest. ‘the 
arehitecture of the lymph nodes was ususliy destroyed ani the neoples?ix 
e@lle extended beyond the capsule. JInfllvretion by neoplastic celis 
in the liver was concentrated around the hepatic vessels. Mice with 
eavanced Gisease shoved infiltration of meoplastic cellig ia the seiivary 
glands, the kidmeys, lungs, and in the meninges. 


A similea> bistelogle pieture was recognized in all the mice 
examined whether they received virus or vere inoculated with rneaplastic 
calis. Eo verletion was detected in mice of differant strains ox 

age groups. 


The cardise bleed of leukemic mice Eee eenas the Follawiag 
picture: Increased WEC (29,150 ma), decreased RBC (7,000,000 ms), 
dgarvessed heueglobin (10.32 ams. /100 mi. bhesd), and derseased, hemate- 
erit (34.6 percent). eg 
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5. The production of heterologous entisermm: A preliminary 
anplysis of the date from en experiment now in progress indicates 
that it is poasitle to produce leukemia virus entisemm in rebbdits. . 
Such = heterologous antiserum contains neutralizing antibodies against 
the virus. Although it has been found that normal rabbit serum dos 
not imactivete the leukemia agent the specificity of the antiserum 
and its effective titer must be studied. 


6. Routes of inoculation: The virus was found to be effective 
when inoculated ty eny one of the following rowtes: subcutaneous, 
intravencus, intracerebral, and intraperitoneal. Experiments comparing 
the effertiveness of these routes are still in pregress therefore 
absolute values sre not available at this time. 


Of interest is the finding that mothers which had canabalized 
their virus-inoculated young, later died of leukemia. The possibility 
of the oral intiuction of leukemia by virus concentrates le now under 
investigation. This possibility should be considered in the housing 
of animals in quantitetive bicassay experiments. 


7. The effect of thymectomy or splenectomy on the viral induc- 
tion of leukemia in edult mice ta Pek stutiied. Eight week old mice 
were ingeulated with virus 48 hours following the paca fhe 
results to date are as follows: 








Ro. Positive Incidence 

No. Inoculated percent? 
Control (untreated) eh /27 88.9 
Splenectemi zed 12/15 80.0 
Thymectoani zed. 3/ie 21.8 








lpercent of inoculated mice dead or dying with levkemia. 


This experiment is im progress, therefore, no average latent 
pericd figures are available. 


This striking effect of thymectomy on the viral induction of 
leukemia in mice 4s being studied further: (a) effect of spi oe 
and thymectomy (same individual), (b) effect of thymectomy at various 
time intervals following virus inoculation and (c) effect of reiuplanta- 
tion of thymus at various time intervals following thymectomy and virus 
inocwiation. 


8. The production of tumor variants: Attempts to develop 
localised leukemias (lymphosarcomas - lecalized) which would yield the 
leukemia virus have resulted in the ésvelopment of the following tumor 
variants: (2) a lymphosarcoma which arose in the thymic ani ing or 
node erea of an eiule mouse which hati received leukewia virus at birts 
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(be) an aseltic form of tumor variant (a) above, originally produced 

by the intraperitoneal inceulation of the lymphosarcoma, (c) 5 
iocalized iyaphosarcom= grown subcutencously, originally imiuced by 

the inceulation of virus induced leukemic spleen and (a) @ localized 
lysphosarcoma grow: subcutaneously originally induced by the ineculation 
of a virus induced pool of leukemic lymph nodes, spleens and livers. 

All of these tumors are maintained in routine whole cell tumor tranz- 
Plant series, with passage every 14 days. In all cases the adult mice 
tearing the localized growth alss develop a generalized lymphocytic 
jeukenia. 


It is highly significant that ali of the tumor veriants regari-> 
less of their form (solid or ascitic) yield the leukemia virus. Virus 
preparations, derived from such tumors, when inoculated inte newborn 
mice induse lymphocytic levkemia with latent periods as short as 7 weeks. 
Been respones velues are not available at this time. 


Prysical 


i. The worpholegy of the leukemia virus as seen with the 
electron micrascope is completely described in BCI-410(a). 


2. Stability: The leukemia virus retains its biolegical activity 
(tumor producing activity) when prepared in citrete buffer and stored at 
temperatures belew -50° C. Citrete-virus materials prepared in small 
aliquots (0.3 al.) are stable and reproducible (biolegical activity) 
when sealed under vacuua ani stored at the temperatures of frozen CQ>. 
Such "stendarsd” materiala mey be used in quantitative biolegical end 
biochemical studies. 


Similerly the Sarcome 37, the tweor variants and the virus iniuced 
levkemic tissues maintain their capacity as whole cell implants and 
virus sourte materials wren stored at -50° C. 


Of considerable technical importance is the finding that the 
Leukemia virus prepared in citrate buffer will withstand lycephilization 
without apparent less of activity es compared to a frozen aliguot of 
the seme virus preparatien. Such frozen-dried praparations kave been 
sent to selected cancer imvestigators im this coustry and ebread. 


Experiments now in progress iniicate that the citrate-virus 


suspensions are stable at 37° C. for at least 90 minutes mrs are 
inactivated at 56° C. within a pericd of 30 minutes. 
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Proposed course of project: In addition to the studies proposed 
above the following courses of investigation will he undertaken: 


1. Biochemical investigations concemed with e more comlete 
understanting ef the meture of the virus. These studies will include 


the role ef proteins, lipids, and nucleic acids in the infectivity 
and metabolism of the virus. 


2. Bio-physical studies with embhesig on the stability of the 
virus under various physical and chemwicel envirommental conditions, 
i.e., thermal etability, stability in various salt and buffer media. 


3. Tse effect of totel bedy x-irradiation and/or heat on the 
Jeten® period of the virus induced leukemia in adult mice will be 
‘studied. 


4h, Attempts will bs asde to cross the species barrier with 
suphasis on the viral induction of levkemia in rats and hamsters. 


5. Purification and concentretion of the virus through the 
application of improved phygical and cytochemical techniques. 


6 The development of quantitative procedures for the bicassay 
of the virus exploying response criteria cther than “time to death with 
leukemia.” 


7- Quantitative time-dose-recovery studies of virus frou 
leukemic tissues with particular emphasis on the recovery of virus 
from leukemic brain. 


8. Antigenicity studies to demonstrate an immmolegical 


relatiouship (if any) to other known leukemia agents. 


Part 3 included. Yes xX Bo 
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PHS-HIN 
individusl Project Report 
Calendar Year 1959 


Part B, Honors, Avards, and Publications. 
Publications other than abstracts from this project: 


Moloney, J. B.: Biological studies on a lymphoid levkemila virus 
extracted from Sarcoma 37. I. Origin and introductory 
investigations. J. Rat. Cancer Inst. 2%: (April 1960). | 
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2. Virus Geol eection 
3. Bethesda, Md. 


PHSNIH 
Individual Project Report 
Calendar Year 1959 


Part A. 


Project Title: Colleboerative biolegical, biochemical end 
physical studies on a mouse leukemia virus 
recovered from Sarcoma 37. 


Principal Investigater: J. B. Molensy in collaboration with 
those listed belex, 


Other Investigators; T. B. Dunn, Laboratory of Pathology,HCI 
A.Goldin, Laboratory of Chemical Pharmacology, NCI 
Mo Recheigl, Laboratery of Biochemistry »NCI 
A. J Dalton, Laboratory of Biology, NCI]206 
E. J. Breyere, Laboratory of Biology, NCI=)18 
R. A. Mansker, Laboratory of Biology ,NCI=116 
Mo Fink, Laboratory of Biology, NCL<u15 
N. Ida, Present Address: M. D. Anderson 
Hospitel and Tumor Institute, Reusteh, Tex. 


Man Years: Cee ke 1959) 


Totals 
Professional: 1/3 
Other: 1/3 


Project Deseriptions 


Objectives: To study, through the collsberation of other 
investigators, the biological, biochemical and physical nature of 
the leukemia virus and its relation to the neoplastic process. 






Methods Empleyed_and Major Findings: Many of the studies 
described belies are an the early developmental stages therefore. 
only experimental results of a preliminary nature are evailable st 
tis time. 


1. The pstholegy of the virus induced disease has been 
deseribed im NCI-l10. In collaboration with Dr. Dumn of the 
Labovatery of Pathology a complete morphogenic study ef the 
induced leukemia has been undertaken. Thus an attemt is being 
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~ 


made to more completely understand the disease process through 
vhe early detection of microscopie lesions. At predetermined 
intervals of time, following virus inoculation, a complete 
hiatelogical examination is made of the organs and tissues of 
infected mice to determine the pattern (if any) of infection 
and/or, infiltration of the generalised disease, Definitive 
results from this study ere not available at this tame due 

to the short peried ef observation. 


2. ‘he use of this virus for the production of indicator 
tuners in studies of the chemotherapy of leukemia has two distinct 
advantagess (a) Tks induced neoplasm is es hest tumor and (b) the 
inducsd disesse is similar to that uhich ceeurs sponteneously in 

nature. In collaboration with A. Geldin and S. Humphries of the 
Laberatory .f themieal Pharmacology studies have been undertaken 
on the chemotherapy of the virus induced leukemia in wivos These 
studies have bee: made possible by the production of sufficient 
quantities of staviaerdized (known biolesical activity) virus 

materials and through an accumulated knewledge of the virus-host 
relationship. It is pessibie te produce in one working day 
sufficient virus to ineculate two million mice all of which 
will die with leukemia within a known peried of time. Further 
it is possible to determine grossly when a test animal first 
develops leukemia and te estimate the time to death of the animal 
(average of 19 days) follewing first indication of palpable spleen 
and/or lymph nede. Employing such a bielogical system, selected 
anticleukemia drugs are being tested to determine their effective- 
ness as (a) anti-leukemia virss compounds, (b) anti-virus-induced 
leukeria compounds, and (c) anti-whole cell induced leukemia 
ecupounds. The latter system was originelly a virus induced 
leukemia and carried as e whole cell passage series. 


To date aso significant ineresse in survival time of the test 
animals in relation to the controls has been noted. However, there 
is an indication that the splsen weight of the treated animals is 
considerably reduced in relation to that of the untreated animals 
(see also repert by 2.Goldin, et al.) 


3. Preliminary biechemical atudies on mice with advanzed 
virus induced iymphoey tie leukemia showed & severe depression of 
liver catalase activity. This level was belew that of animals 
bearing selid tumors. 


Collaborative studies with M. Recheigl ef the Laboratery of 
Biochemistry are new in progress to determine the time (following 
virus inoculation) at which liver catalase activity is depressed 
and to relate thig finding with the onset (macroscopic) ef leukemia 
enc further to correlate this enzymatic depression with the 
reesvery ef yirns fran the affected Liver. 
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h, The merphology of the lewkenia virus is being studied in 
collaboration with A. J. Dalton of the Laboratory of Biology. 
Electron microscope studies af virus induced leukemia lymph nodes, 
spleen, liver and thymue glands have been carried out. Similarly 
studies have been wade on erude and partially purified virus 
eoncentrates prepared from the above tissues, Virus particles 
(resembling the A type particle described by Bernhard) have been 
found in all materisle examined. 


Within the tissues the particles are found in the inter- 
celiulsr spaces - occasionally within vacuoles in the cytoplasm 
and infrequently about the inner surface of the plesma membrane. 
The virus, bound by a double limiting membrane, averages 87 mu 
in diameter and 1t possesses a somewhat electron dense nucleoid 
8 mu in diameter. 


Additicnal electron misrescops studies are in progress 
to more clearly define the particle, its relationship to the 
disease process, its nature or morpholegy in the induced 
localised lymphosarcomas (ses NCI-W10}) and to quantitatively 
relate particle number in tissues and prepared virus concentrates 
te tumor producing ectivity. Such studies will be of great 
assistance in virus purification investigations. 


5. Im report NCI-10 it was noted that the C57BL strain 
of mice might, to a degree, be resistant to infection by the 
leukemia virus. Applying this finding and in collaboration with 
EB. J. Breyere and M. Barrett (See ne) who have shown that 
arity influences the host susceptibility to solid tumer implants, 
a ay wes undertaken to determine the effect of repeated cross 
matings of C57BL mice amd a susceptible strain of mice on the 
viral induction of leukemia, These immunological experiments are 
etill preliminary and no findings ars available at thie time. 


6. The levkemia vires has been successfully maintained in wltro 
for extended perieds of time in thess tissue culture systems ty ~ 
R. A. Manaker of the Laboratory of Biclogy. These systems are 
as follows; (a) Virus induced leukemia spleen eelis on Barle's 
mouse liver cells, (b) Virus induced levkemle spleen cells on 
normal mouge spleen celis, and (c) Infection of normal mouse spleen 
cells with concentrated virus extracts. For complete deteils sce 
NCIehI6 by Dr. Mamaker. Collaborative efforts have been limited 
tO malcing avaliable wirus preparations and leukemic animals, 
In addition there were made available mice bearing a lecalized 
leukemia (lymphesarecma) deseribed in NCI-h10. This tumer hes 
also been successfully cultured in vitro by R. Manaker. 
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7. In collaboration with M. Fink of the Laboratory of 
Biolegy the immunological properties of the leukemia virus are 
being investigated. 


fo date the antigenic nature of tha agent reming obseure for 
it has not been possible to demonstrate any hemaggiutination or 
complement fixing antibodies associated with the virus. Fluorescent 
antibedy studies with R. Malmgren, Laboratery of Pathology, are in 
progress and thus far no positive results are svailable. 


It is apparent that aside from the possible production of 
neutralising antibedies in a heterelogeus system the virws is 
indeed weakly antigenic. 


8. In the literature there was reported the case higtory of 
a child which developed leukemia, being bern te a leukemic mother. 
In several of our experiments it has been noted that the virus is 
apparently transmitted vertically to the offspring of leukemic 
parents, Thus av the level of the ¥, generation a high incidence 
ef leukemia is found in these mice born of parents which had 
recelyed virus when newbern. To determine the route of transmisal cn 
ef the virus te the young a series of experiments wis devised in 
collaboration with N. Ida. Mice known to be pregnant were 
inoculated with virus at various stages of gestation. Thus cone 
ean detemine whether the virus is transmitted via the ovum or the 
placenta. These experiments are in progress and no definitive 
results are available at this time. 
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1. Laboratory oF Biolosy. 
2. VWarus Oncology Section 
3. Bethesda, Mc. 


‘PHS-NIH 
individual Project Report 
Calendar Year 1959 


CASTROL 


- Part A. 

Projsct Title; Application of immunological techniques to 
the problem of demonstrating viruses in 
human and other tumors, either directly or 
by revealing the presence of specific antibody. 

Principal Investigator: Mary A. Fink 

Other Investigators: 

Cecperating Units: 

W. Ro Bryan and associates (NCI-)20) 
3. Bo Moloney (NCT=1:10) 
R. A. Malmeren (NCI=527) 
Virginie Evans (NCI=1)28) 


Men Years (calendar year 1959): 


Fotals 2 
Professionals 1 
Others gq! 


Project Descriptions 


i. Objectives: The major objective is to reveal, by 
the use of immunological techniques, viruses which are associated 
with human tumers either as passenger wiruses or as etiological 
agents of the malignancy. The two medes of attack -- demonstration 
ef the virus with specific antibody, or demonstration of specific 
antibody with a known virue--can be considerad together. 


Preliminary to the anticipated work with human material, 
known animal viruses which preduce malignancies have been used 
ag models for the testing and development of methods which 
might be applicable to the human problem. 
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have been nade te apply the fotioaing techniques: 


Ao 


3o 
Ro 


Broduction of antibodies. Formalin treated and heat 
treated fractions of infected tissue have been mixed 
with Freund's adjuvant and injected into the 
homologous species. 


UTatreated infected tissue fractions mixed with Freund's 
adjuvant have been injected into rabbits. 


fests for presence of anbibedys 


a) Complement fixation. 
b) Hoemagglutination-inhibitien. 
c) Precipitation--in fluid medias in gels, micro 
amd macro methods, single and double diffusion. 
ad) Fluorescent antibody techniques--on tissue sections 
to reveal presence of virus; in gel diffusion to 
reveal an ethesrwise invisible precipitate. 
e) Hypersensitivity techniques. 
1, mediate-type reactions--in vitro Schultz=-Dale 
technique; in vivo anaphylaxis. 
2, Delayed-type reactions=vici: tests of tuberculin 
type. 





Production of antibedies. Groups of chickens were 
successfully immunized against a challenge injection of 
Rows sarcoma virus by the previous administration of 
formalin-treated or heated virus mixed with Freund's 
adjuvant. 


Antigera were prepared in rabbits by injecting the 
extract of leukemic tissue mixed with Freund's adjuvant. 
fhe results from the neutralisation test are not complete 
becaugs of the long incubation period, and until this 


time wo will not know whether or not the antiserum contains 


antiviral antibediag. 


BALB/e mice are being injected with formalin-treated 
or heat treated leukemia virus. 
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BE. Attempts to demonstrate virsl antibodies or antigens: 


Lo 


2o 


Rous sarcoma wirus. Unsuccessful attempts were 

made to demonstrate antibedy to Rous sarcoma virus 
in the serum of chickens which had regressed several 
tumors induced by the virus, and whose serum contained 
a high titre of neutralizing antibody, The techniques 
of complement fixation and precipitation were tried 
first. Hemagglutination-inhibition studies could 

not be made because the virus did not agglutinate the 
erythrocytes of any species tested under various 
experimental conditions, 





The mest hopeful lead was vith studies employing 
a flverescein-tagged antibody in gel-diffusion studies; 
it is believed that a specific antigen-antibody 
aggregate not demonstrable by other techniques might 
bs revealed by this methed. 


in cooperation with Dr. R.A. Malmgren, the 
fluorescent-antibody technique was successfully 
applied to show the presence of specifically reacting 
Rous sarcoma: virus in chicken tumors. 


ae leukemia virus. Complement-fixation tests 
revealed the presence of antibody against mouse 
antigens, but not againat viral antigens. Microseme 
fractions from either normal or leukemia tissue 
vescted equally well with rabbit antisera against 
normal cr leukemic tissues. These findings persisted 
after treatment of the antigenic preparations with 
Genetron. 


Attempts were made te demonstrate a viral 
hemagglutinin, as a preliminary step to the demon- 
stration of entibedy threagh its role of inhibiting 
hemagglutination. Erythrocytes of man, chicken, 
rabbit, guinea pig, sheep and mouse have been tried, 
Microsome preparations of infected and non-infected 
tissues have been used fresh and frozen, after 
treatment with heat, formalin or trypsin, Several 
times it~ waa observed that hemagglutination did 
indeed occur, but invariably with the norwal tissue 
te the same extent as with the leukemic tissue, 
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A lytic phenomenon has been observed repeatedly 
when the leukemic tigsue, but not the normal, was 
added to guinea pig erythrocytes. We were unable to 
repeat this with a mere highly refined virus 
preparation the one time this preparation was 
available. The lytic effect was inhibited by 
nerm21 rabbit ssrum as well ag the antisera against 
either the normal or leukemic tissue. 


fests for hypersensitivity to the virus are 
being done in mice imaunized with the killed virus 
mixed with Freund!s adjuvant and subsequently boosted 
with live virus. These tests include the highly 
sensitive anaphylactic tests, and a skin test for 
delsyed-type hypersensitivity. Techniques for the 
demonstration of deleyed-type hypersensitivity heve 
been successfully set up using a soluble protein 
antigen. 


In esllaboration with Dr. R. A. Malmgren fluorescent 
antibody studies are being done. 


LRACLOUUS o 








One of the major objectives of cancer research at the 
present time is that of determining whetner viruses are 
involved in the caugation of human cancer, Since most 
of the known tumor viruses sre species specific, work 
with human tumor viruses will undoubtedly require more 
knowledge involving immunological factors as well as the 
development of experimental methods which take such factors 
into consideration. ‘The work in progress, and that 
projected are directed toward beth of these ends. 





Propesed course ef projest: 





Continuation ef studies witk Moloney leukemia virus 
until an adequate imaunological test system has bean 
devised, or ruled cut as a practical possibility. 


Apilication of any findings te the humen tumor virus 
problem as the materials become available. 
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Attempts to cross species barrier of infectivity in 
viruses as applied to the establishment of human tumor 
viruses in mice. This will constitute the major part of 
the research project during the coming year. 


Plan of attempts to cross species barrier of 
infectivity in viruses as applied to the establishzent 
of human tumor virueges in mice. 


A. Rationale: (1) Virus contained in human cell dees 

not infect mice because of immune reaction against foreign 
species, which destroys medium for propagation of the virus; 
and/or (2) owter coat of viral particle bears human antigens 
and an immune response against these prevents viral multiplica- 
tion, In either case, a breakdown of the hest's response to 
foreign species should provide an environment conducive to 
viral multiplication. 


If one cevld break down the immune reaction against the 
human antigens so that human tissue would survive, virus 
could propagate and perhaps become adapted to the new host. 


B. General experimental approach: Break down immunological 
reaction between the host and the injected virus-containing 
tigane by: 


1. Alteration ef the host: X-ray 
Cortisone 
Creation of hypethyraid state 
Creation of deficiency of 
* vitamins known to influence 
antibody production, e.€.. 
pantothenic acid and 
pyridoxine 
Develop tolerance by injection 
of human (and in addition, 
viral-infected humen) tissue 
in utero or at birth. 
Desensicize by frequent in- - 
jections of tiny ancunts 
of foreign tissue. 


26 Alteration ef the inecwleums 
Rid the inoculum of as much ef 
the host material ag possible. 


Grow celle in tissue culture, 
both in serum-containing 
medium, and in sg heed 

defined medium. 
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grouth in tissue culture, - 
this appreach might be 
expected to reveal presence 
of wirus more certainly than 
ineculation of fresh tissue. 


Attempt to reduce species. anti- 
genecity by prior freesing of 
inoculum, and by lyophilization, 
so long es these procedures de - 
not adversely affect the 
infectivity of the virus, (There 
is evidence from human homo- 
grafting that these physical 
precedures do reduce the antic 
genicity). 


CG. Specific experimental epproachs 


1. It is preposed that all of the metheds outlined under 
Alteration of the host be attempted firat with the Rous 
sarcoma virus vo mouse system, This choice is made 
because of the large body of background information en 
this tumor virus. Actual experimental work is awalting 
the completion of an animal room. 


MO 
© 


in collaborative studies with Dr. Virginie Evans, 
Tissue Culture Section, results from @ small number of 
animals inoculated with human ceils which have been 
im tigsue culture give 2 strong indication that the 
antigenicity of these cells has been reduced for the 
mouse. These experiments will be continued until sa 
valid conclusion can be made regarding the efficaey sof 
the procedures in cess the antigenicity associated 
with species specificity. 
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Serial No. NCI=l15 


PHS -NIH 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications. 
(aaa 


Malmgren, R. Av, Fink, M. A., and Mills, W.: Demonstration 
ef the intracellular location of Reus sarcoma virus antigen 
by finorescein labeled antisera. J. Nat. Cancer Insi., 
accepted for publication. 


By invitation from Tissue Benk, National Naval Medical Center, 
delivered a series of six evening lectures on Basic Imuunology 
to the staff of the National Naval Medical Center. 





Serial No. NCTeh16 
1. lsboratory of Riclogy 
&. Wirus Oncology Section 
3. Bethesde, Ma. 


PRS -Hia 
Inéividuel Project Report 
Colendar Year 1959 


Past A: 


Project Title: Viral Therapy of Tumors. I. Adaptive Meecures 
for Inereased Oncolysie in Cases of Advanced 
Carcinome of the Cervix 


Principal Investigator: Rebert A. Menaker 
Cther Investigators: Robert B. Couch, Edward D. Meleughlia 


Seopersting Units: This project complements the clinicel 
aspects of virel therapy of carciaema of the 
CSEViz as conducted under the direction of 
Dy. Rebert R. Suith, Chief, Surgery, RCI, and 
extends the work initiated by Drs. Robert J. 
Huetner and Wallace P. Rowe, Lahoratery of 
Infeeticus Diseases, BIAID, G-752-C. 


Men Years (calendar year 1959): 
4/2 


Potel: 1/3 
Provessicnral: oO ; 
Other; 1/3 


Project Description: 


Objectives: To continue the investigations in progress to 
detarmise the extent to which the oncolytic properties of Coxsackie 
3 virus could be enhanced by tumor to tumor passage. 


Methods: Tumor to tumor passage of Coxsackie Be3 virus was 
conducted in patiemts with carcinoma of the cervix. An arbitrary gsal 
ef 16 serial passages was set. The virus inocula used were prepared 
in Hele eell cultures infected with a late positive specimen obtained 
from the preceding patient. The preparation cf inocula in Neitiand 
type cultures of virus infected tumor tissue was umsetisfactery. 

Yejor Timings: Fifteen patieats with cervical carcinomas vere 
treated with Coxgackie B=3 virus. In the course of this treatment, four 
additional passages were made. A totel of ten tumor to tumor passages 
of virus have mow been made. ‘The temth passage has been inoculated into 
two patients. Ho results indicative of increased oncolytic activity 
s0lely due to passage ia cervical tumors vere obtained. The clinical 
findings will be reported by Surgery, BCT. 
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Signiticence: This study of the oncolytic activity of 
Coxsackie 8-3 virus in careinoma of the cervix provides a model for 
evelustion of adepbive techniques ia viral therapy of buman tumors. 


Proposed course: This program is of necessity geared te the 
availability of suitable cases for trial. For this reason, a limits 
of 20 serial virus pesersges in cervical tumors wes set to provide 
data for evalustion of the adaptive measures used. That limit has 
now been reached. Final eo of the course of this project is 
emected im the near Pubur 
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Serial Ko. NCI-416(e) 
i. Ishoratory of Biclegy 
2. Virus Oncolegy Sectica 
5- Bethesds, Mi. 


| PHS-W1H 
individual Project Report 
Calendar Year 1959 





Project Title: The Application of Tissue Culture to the Stwiy 
of fusor Viruses. I. Effect of Mouse Nssue 
Culture Material Previously Treated vith Euzsn 
fevtemie Brain Extracts om Tumor Ineidenee in 
Swiss mice 


Principal Investigator: Reber: A. Mansker 
Other Investigators: Kone 
Coopevating Units: Parallels and extends the joint project of 


De. Sarsh E. Stewart (HCI-433) and Dr. Bernice 
Bday, DES, LVP; Pathology by Dr. Mearl Stanton, 


LP, CI. 

Man Years (calen@ar year 1959): 
Total: 4-2/3 
Professional: @ 

Others: 1-2/3 
=) 


Project Deseription: 


Objectives: Investigation, in Swiss mice, of the tumer-praducing 
potential of fluids Prom mouse embryo tissue cultures previously imocue 
lated with extracts of buwnan leukemic brain tissue. 


Methods: Pwo techniques vere applied. (1) Following the hasic 
procedure used by Drs. Sarah E. Stewart amd Rermice Eddy, cultures of 
whole Swiss mouse embryos were maintained in madium 199 supplementsé 
with calf serm. WThsese cultures were inoculated with extracts of bmn 
leukemic brain tissue. Serial blind pessage of fluids was made at 
bi-weekly intervals. Each passage was terminated after » weeks of 
incubation. RNewhorn Swiss mice vere incculeted with culture meterial 
after the second, third, and Fourth week of incubstion. Coutroi mic 
received wutreated tissue culture materiel. (2) ALL human breia 
tigsue specimens were retested im Swiss mouse embryo cultures maintained. 
in medium 199 supplemented with rebbit serum. Seriel bling passage of 
fluids to fresh cultures was wade weekly and twice weekly. Ground 
cells and supernstent Pluids were used as imceuwla for pessase. 


S 


All mice were identified individusliy and exemined periciically. 
At Geath, mice were examined grossly for tumers, and syecimens vere 
removed for pathological examination. 
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Mejor Fingings: Wine epscimems of brain tissue from cases of 
leukemia and 5 specimens of brain tiseve from non-leukemic sources 
were tested. The results obteimed with 1314 inoculated control mice, 
287 uninoculated mother mice, ami 971 test mice showed no significant 
@ifverernce in the types of tumors which occurred in the three groups 
1,5 to & years after inceulation. Nor were significant differences 
observed im the number of tuaors found im the test group vhen compered 
with the number found in the control group. Most tumors were found 
in old enimais. lve tumors, mammary glend tuzors, and leukemia 

were the maligvencies most frequently encountered. 

Significance: nis project provided a test of the suitability 
ef mouse tissue culture as a means for isolating viruses from leukemic 
brain and of the mouse as a test animal for tumor induction by such 
isolates. 


Proposed course: The project hes been terminated. 
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Serlel Ho. RCI-416(p) 
3. Isboratory of Biology 
2. Virus Oncology Section 
3. Bethesda, Ma. 
PaS-Nia 
ingividusl Project Report 
Calendar Year 1959 
Part A. . 
Project Title: The Application of TMssve Culture to the 
Study of Tumor Viruses. II. Viruses 
Associated with Huzen Tumors 
Principal Investigators: Robert A. Manaker, Robert B. Couch 
Other Investigators: Edward D. Meleughiia 
Cooperating Units: Dr. Robert R. Smith, Chief, Surgery, SCT 


Yen Years (calendar year 1959): 


Totel; 1-1/3 
Professional: 1/3 
Ocher: L 


Frejeet Description: 


Cajectives: Determination, sy application of tigsue culture 
techniques, of the extent to viiech viruses may be demonstrate’ in 
agscciation with a variety of human tumors and to investigate the 
Heture of such agents. 


Methods: Two techniques vere employed to disclose the presence 
of viruses in surgically-removed tumors: (1) Culture and ebservation 
of tugzor tissue for visible evidence of virus activity. (2) Inoculation 
of 3 variety of cell lines with minced viable tumor tissue, observation 
for e month or more, and blind passage tc fresh cultures for an 
equivalent period of observation. The first technique was carried on 
by the Surgery Branch, "Ci. Pluids and cell material from this scurce 
were further investigated by the second technique. The latter was 
carrie’ on by the Laboratory of Biology, Virus Oncology Section, HCI, 
and ig herein reported. 


The aveiiable cell lines included a norms] buman "skin" line, a 
“pone” line which originated from human epiphyseal tissue, and a monkey 
Kidney ilme. These vere obtained from Dr. Wilton Earle as stock 
cultures. Hugen embryo skin-muscle and human intestine cultures were 
obtained from Microbiclogical Associates, Bethesda, Ma. 
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em e findings: A total of 15 surgicaliy-excised tumors 
vere introiuced into the available ceil Lines as described. In 
afdision, 27 specimens of tissue cultured tumor material received 
from Dr. ER. Couch of the Surgery Branch, HCI, were similarly 
processed. Ho evidence of virus ectivity bas been observed to date. 


S2 signi i ican: The asscelation of viruses with tumors in 
imels makes mandatoz ry the development of methods Yor determinetio2z 
ee the extent to which viruses may be found in human tumor tissue. 


Proposed course: This program will be further developed 
Guring the following year. 
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rial No. HCI-816(e) 
i. Isboratory of Biology 
2. Virus Cneology Section 
3. Bethesda, Ma. 
PHS-HIY 
Individual Project Report 
Calendar Year 1959 
Project Title: The application of tissue culture to the study 
of tumor viruses. TTT. Maiwtenance of a2 
ijeukemla virus of mice in vitro 
Principal Trvestieator: Rebtert A. Manaker 
Other Investigators: Wome 
Cooperating Units: None 


Man Years (calendar year 1959): 


Total: 2-2/3 
Professions}: 2/3 
Others: 2 


Project Deseription: 


Objectives: To determine the possibility of routine in vitro 
maintenance anee of © the mouse leukemia virus isolated by Dr. J. B. Moloney, 
ECT. 


Methods: The experimental pattern comprised: (1) Tests for the 
persistence ence of the levkenia agent in cultures of mizeé thymus, spleen, 
and lymph modes cbhtained from leukemic animals. (2) Attempts to adapt 
the leukemia agent to en established mouse liver cell (ML) line (Earie}) 
with inosula of leukemic tissues. (3) Determination of the possibility 
of in vitro infection of normal mouse thymus or spleen tissue. (k} 
Investigation of the suitability of mouse spleen cultures for the 
mintenance of the levkenia agent in serial passage. (5) Characteriza- 
tion of passerger viruses which might comfuss the interpretation of 
the results obtained im cultures containing the levkemia agent. 


In the absence of definitive cytopathogenic activity by thse 
levkemia agent wvler the con@itions employed, all tests for the 
presence of virus were mede in mice. Results wre available 4 to & 
months Later. 


Mejor findings: 1. The persistence of the leukemia egent in 
the fluiés of primary cultures of tissves from leukemic animals for 
exvended periods was demonstrated. Altermate in vive - im vitro 
pessiges were also made. In one experiment, amoeboid cells, unich 
hadi their origin im the liver or in mixtures of thymus, spleen 
end iyeph asdes of leukemic mice, were cultured for a peried of 33 days. 
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~2- Serial No HeI-416(c) 


Semples of fluids taken of the 10th end the 33rd dey of culture 

were divided into 2 parts. One part was filtered through a bacteria. 
tight filter to remove celi material. Eoth filtered and unfiltered 
sameles vere injected imto litters cf newborm mice. A total ef 35 
mice were thus inoculated. Within 3 to 6 months, all but one died of 
leukemia. Ho evidence of the presence of malignant cells in the 
eultures was noted. No difference im latent period was noted for 
those enimais that received only fluids when compared to those animals 
thet were inoculated with fluids containing vieble cell material. 


f> imvestisate the ability of a lymphoid cell. to maintain the 
virus, @ lygphosercome which had its origin in an animel previously 
inoculated with active extract of leukemic tissues, was obteined Prom 
Dr. John EB. Moloney. Cultures of the ealignant cell were mintained 
for 7 weeks. Fluide contsining cell material produced tumors in 2.5 
weeks when incculated into mice subeutaneously. Fluids sampled after 
k end 7 weeks of evlture were filtered through Selas filters of 03 
porosity to remove cells. Levkemia resulted in & percent of animels 
inoculated neonatally with fluids from 4 week cultures, and in 50 
percent of animeis inoculated neorataliy with fluids from 7 week 
cultures. Desths from levkemla occurred between 6 and 9 months after 
fnoculation. Tuo momth old mice also received these fluid inoegla. 
Deaths from leukemia occurred in 7.5 to 9 months in 2 of 6 snimelis 
inoculated with the 4 week flvids, and in 2 of & animals inoculated 
with the 7 week fluids. The results suggest that the lywpbesarcom 
cell supports the virus poorly if at all. The presence ef the egent 
may Rave been due to a amall population of another cell type. 


&. As attempt to establish the leukemia virus in Earle's 
cloned mouse liver cell line was made. Over a period of 2.5 months, 
k ad@itions of spleen and lywph nodes from leukemic mice vere made 
to mouse liver cultures in flasks. WVaree days after the last eddi- 
tion of tissue, fluids were filtered through e Millipore HA filter 
ana uged to imcculate fresh fliesks of the mouse Liver line. At this 
time the inceulum was tested for activity by the inoculetion of neve 
born mice. All enimais inceulsted died with leukemia 3 to 5 months 
jeter. Tests were made of Tluids fram the cultures inoculated with 
the filtrate beginning with the second day post-infection. Nine tests 
were made during the next 2 months. Hone of the animals injected with 
these materials bas become leukemic during 5 te 7 months' observaticn. 
Evidertly, uo adaptation occurred. 


The original cultures apparently are supporting cell material 
from the tissue Imocule. Levikemie was preduced im enimals 2.5 to 5 
months after neonatal injection ef culture Pluids taken 8 weeks, 
9.5 weeks, and 14 weeks after these cultures received the last 
inoculation of leukemic tissue. Fluids in these cultures were rousinely 
changed completely thrice weekly. 


106 


atl ' i ake PAV Oe oe Ny 
Phe 7 a i m1 LSPA TOL 
Ky. ati i 7 ye 


1H) 


mia Mele ne 


ny : vi RAL pei hi 2 y Rn ea ofc , 
NOR aan beside eal Moan LTR sh oan yas p ee Sok fiir) SNE RNAM 


youre 4 ie 
: i ‘ Peet een and h Pa NE ii 


ri 5 i ; i : ooh iity y 
’ x Mi o BV Paley Sh ue 


Dati ih 
yh a 


tier , M 
ate ) SH AO en AT i SAC? tea He) 
a a i Ny POOLE ROME a eek dh i Ny 


ow me tl rine " OEM SRL TA i 
sank ik bi SAH RN en tc gi 


Ra 
i oo 
J mY, i 
wanes, i 
Sn 

Ue Ole 
HSA eI : i 


eee) 
He " nk 
1 A A 
SER IT ma 
ihe Ma AS are fist 
NANG tanger aa My Hin) aa 
Sh NAG, os } SHA, 
ae Ty Cult Manta ia 
SRN AMIN DAL Hl tte Reticuli 
Wy EA ee ann ? Soy RAC 


ey 
" Saye My 

eerie) 
TH Mogan 


Berg ie ae a - GaEeULy! Aer femme th2 
a aaa DR A mem SUA Ne 
Deion To mel nN 


(Ny 


aR gee 
Paveth Ve 


Rik Manet 
oc), 


Vy 


Ra ¥ Dh ' 


ane, 
asa oat 


Hh 
bi 


eesti. iN} RAHN AN VKH ; ; : : } i ( tt Ey 
4 : \ a mi nt } iy y i ii i : i Neh wy \ 
Aun tay ies NLR 


7‘ TAM) by} 
Sees 
‘ 


Nek 
Rt 


hy 
aia 
Ly 


eu) 
* Wie " 4) hf P Dt 
eae vis ny Ale se EH i beth 4 t Eeraeenrihs 
AW va DON a r Sa IN Uni f 
iiass se 


ae 
i AANA 
Spl tlt ASH DE i 
Biya aerean, Hei Sune x i vie i ey Fore An RRE N MES LO MUR NTI SIP 
Gh a Mh SATA ANNs aha s Hi SWAY it TaN Hay, UN ih 
NN 
1 


’ 
ny \ CLEA SN 
AM A WERAtY ut nt i ES Wee a 


VEN i 

Wa) ; 

‘a { sin Hilhire se er en 

i a5 at AY ani bs) My, sip By RU MOR MON Vein 
A 1 Ae NNN Daun eR i Ry) een On Ui A Aa Ait ACU vag hs. 70 Seta 


at 
NW. 
rain 
bit 


oye 
We 


De NA 


nuk iy} 
ait 


4, 
pela is 7 ; Mae Heh OGY 

j : : h ANAT IMA RNY RAY NTH OHH 
can : i no Shiai) ONY Y ; SERS AML RR y) 
Leona 


na Vahiae 
EARNS 
Naya 


i iy nat 
Pe Nk 
i} 


ae aia 
ed 

rat 

Ne 





-3- Serial Ro. NCI-416(c) 


3. To determine the possibility of in vitro infection of 
spleen and thymus tlssve cultures prepared from normal BALB/e mice , 
& potent cell-free extract of leukemic mouse tissues was obteined 
through the courtesy of Dr. John B. Moloney. This extract wes used 
to infect cultures which had been maintained for 17 days in vitro. 
The leukemia agent was present in both cultures 14 days thereafter, 
es show in animal tests. 

i, Serial passage was attempted in mouse spleen cultures. 
Three experiments were carried out. Only the firet of these hes 
been under vay surcficienmtiy long to yield significant results. The 
experiment consisted of 3 series of cultures. A schedule for passage 
of one-tenth of the fluids from tubes of each series to fresh tubes 
each veek was adhered to as much as pessible. The first series con- 
sisted of uninfected control cultures, the second consisted of cultures 
infected with cell-free extract of leukemic mouse tissues prepared 
by De. John B. Moloney, enGthe third consisted of cultures infected 
with 0.01 mi. of viable, minced leukemic spleen, lymph nodes, end 
thymus of a mouse bearing the 1th trensplant passage of leukemic cells. 
Fluids in cultures vere changed completely 3 times each week. HEewhera 
mice were inoculsted with fluids end cell material from each passage 
with the exception of the 9th, 12th, and 13th. The lest passage ande 
was the Lith. 


Ko leukemia cecurred im the imeculated comtrol wice. Hoe 
Levkemla has been observed beyond the fourth passage of fluids fram 
extractelnfected cultures. One of 7 mice that were inoculeted with 
material from this fourth passage cultimre died of leukemia in 
3.25 months; the remainder are still being observed. The leukenia 
agent im thoge cultures infected with tissue bas been mainteined for 
ii serial passages. One of 7 mice inoculated with L1th passage culture 
material is leukemic 2.5 months efter neonatal injection of teat 
culture material. Leukemias have cceurred ln animals used to test the 
prior passages Tor presence of the egent. The agent can be maintained 
in vitro, but its behavior unter these conditions is not yet clear. 


5. Two viruses which produce hepatitis in mice were isolated 
during these studies. The first isclated was more extensively in- 
vestigated tham che secend. A paper reporting the results cbteined 
is being prepared for publication. 


The hepatitis virus most extensively studied has been 
@esignated MEV-AS9. It is stable to ether, a characteristic 
differentiating it from the second egent isoleted. Heating at 
560 C. for 30 minutes destroyed infectivity. Infection in the 
BALB/e mouse induces immmity. Serum ?vom immme animals has a 
relatively high newtralization titer. These properties differentiate 
this agent from others thet have been previously reported in the 
literature. Immme mothers transmit resistance to infection te their 
progeny within hours of birth. The virus has been passaged in tissues 


al jan 


Bi 


eultures of Earle’s mouse Liver line en@ im mouse spleen cultures. 
Cytopathogenie changes are produced im both systems. 
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~ 


Signaivicance: Maintenance of the leukemic agent in vitro 
Hakes possibis ponteclien studies ani permite investigations ROG 
possible im vivo. 2 identification of a passenger virus 
(hepatitis) and 4 siete of methods for its propagation will 
vermit its eliminstion through lumunization, and thus 2a more 
adequate control of the bielogical studies on leukemia. 


roposed course: This program will be further developed 
end a during © the next year. 


Part B incliused: Yes Yo xX 
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Serial No. Bcr-k20(c) 

« isboratory of Blology 
o Virus Oncology Section 
- Bethesda, Md. 


tw AD bes 


PES-HIN 
Individuel Project Report 
Calenéear Year 1959 
Part A. 

Project Title: Stvdies on the Rous saycoma virus. 
Iti. Further studies on the relation of 
recoverable virus to tumor initiating dose. 

Principal Tnvestigator: WW. Rey Bryan 

Other Investigators: Derothy Celnsn, John P. Kvedar 

Cooperating Units: Albert J. Dalton and associates (BCI-06) 


Men Yeers (calendar year 1959): 


Total: LoL /3 
Professional: 1/3 
Other: es 


Project Deseription: 


Objectives: Yo determine whether there is a quentitstive 
cervelation between the incidence and/or population density ef viral 
particles seen in thin section electron micrographs of tumors and: 
(a) the dose of virus used to initiate the tumors, or (b) the amount 

£ extractable virus determined by bioassay. 


General comment: The experimental work associated with this 
project wes completed in Cetover 1959, end the Nethods employed are 
therefere wot reiterated (see 1958 report). 


Mejor fingings: Analyses of the biceassay date show the same 
correlation between the amount of virus extractable from tumors and 
the initiating dose of virug as was previously found, and reported. 
i@ is the correlation of these findings with virus-particle counts 
under the electron microscope that constitutes the chief purpess of 
this project. The electron micrographic studies are in progress in 
Dr. Lalton’s lshoratory, but have not yet been completed. Final 
evalusticns await these results. 


Significance: The results are expected to contribute to basic 
knowledge concerning the mode of action of tumor viruses in bringing 
about malignant transformation. 


Proposed course of project: Completed except for dats analyses 
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and writing of report for publication. 
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Seriel Ho. ECi-s20(4) 
i. Isboratory of Biclogy 
2. Virus Oncelogy Section 


3. Bethesda, Bx. 
PHS-NIE 
Individual Project Report 
Calendar Yeer 1959 
Part A. 

Projecs Title: Studies on Rous earcoma virus. IV. Tuvestigaec 
tigations on host response to the virus (a) in 
chickens and (b) im Japanese quail 

Principal Investigstor: W. Ray Bryan 


Other Investigators: F. d. Rauscher, Dorothy Calnan, 
John P. Xvedar 


Cooperating Units: J. A.Beguiers and agsociates of the 
Germafree Life Research Center, Tempa, Fia. 


Mee Years (calendar year 1959): 


Total: 2=1/3 
Professional: 1f3 
Other: 2 


Project Deseription: 


Objectives: (a) To determine the ultimate limit to vhich the 
concentration of virus in Rous sarcema tissue can be increagedi through 
eontinued selective serial pessages in chickens; (b) To determine the 
suitability of Japanese quail (Coturnix japonica) es a host for the 
study of Rous sarcoma virus. 


_ Methods: (a) Past experience has shown that the virus cone 
centration of Rous tumor tissue covld be progressively inereased by 
selecting as a source of virus at each passage thet tumor which 
appeared first, end grew most repidly, im a group of about 40 chickens. 
. Such serial passeges are being eantiaued routinely, and will be maln- 

tained umbil such time as an upper limit of virus concentration is 
reached, and no further imerease with passage is detectable. 


(b) Exploratery experiments in collaboration with Dr. Reynices 
bave shown that the Japanese quail is highly susceptible to the Rous 
sareem virus. Fursher etudies are being conducted, including 
passages in quail similar to those in chickens (see (a)), to determine 
whether the quail (a very small fowl) can replace chickens in 
laboratory stedies of the virus. 


Mejor findings: (a) At the time of the last report (1958) a 
tovel of over 40 passages had been made and the overall potency of 
tumor tissvs extbrects had been imereased by 1.5 log units, through 
selective passages. The stuily is mow im the G2ni passage and potency 
has been further imerenced by 0.5 log umits (4 fold) during the last 
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~ Serial Ho. Bet-420(a) 


ie) 


Tais represents a total increase of 2.1 log units (over 100 
fold) in potensy over the materiels available before this study was 


») Preliminary studies have shown thet the Rous sarecma virus 
titrates out as far im quail es in the most susceptible chickens yet 
investigated. Also, the yields of virus from tumors of quail induced 
with strong doses are equal to the highest yields obteined Prom the 
most susceptible chickens. 


Significence: (a) The purpose of attempts to imerease virus 
content of tumer tissue is to permit purification of the virus in 
quantities edequate Yor physical, chemleal and immunological studies. 
The potencies already achieved would make it practical at this tine 
to undertake purification studies. However, the task will be casier 
the higher the virus content of tumor tissue, and attempts toward this 
end will be postponed until the upper biological Limit of virus con- 
centration has been definitely establiskad. 


(bo) If the vesults with quail are readily reproduciele the 
quail will constitute a very valuable host for studies om the Rous 
sarcoma virus. The chief advantage will be in the smaller size cf 
the test animal, which ia ao lerger than a 3 dey old chick when full 
grou. Talis would permit 5 to 10 times as much investigative work 
to be dose within the same space as is now devoted to chickess. 


Puture course of project: (a) Selective passages will be 
conbinved ustil an wrser limit ef virus concentration in tumor tissue 
bas been veacked. (5b) More extensive experiments vill bse carried out 
to test the reproducibility of the preliminary finding with quail end 
to determine their suitability as teat animals for this virus. 
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oe PUS-RIR 
Individual Project Resort 
Calemiar Year 2959 


Part B: Eoners, Avards, and Publications 
Publications other then abetracts from this project: 


Bryan, W. Ro: HEehancement of virus yield of Rous sarcomas. 
4ete Unio. Intermat. contre le cancer 15: 764-767, 1959. 


Bryan, HW. R.: Quambitetive blologiesal experimentation in the 
Virus and cencer fields. J. Rat. Cancer Inst. 22: 129-159, 1959. 


Honers and Averads relating to this project: None 
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Serial Ho. BCI-h20(f) 
i. isboratory of Elology 
2. Wirus Oncology Section 
3. Bethesda, Ba. 


PUS- HIG 
Individual Project Report 
Calender Year 1959 


Fart A. 


Project Title: Search for tumor inducing viruses among 
mammalien tumors (including huszan) not 
aow Enowum ts have a viral etiology 


Principal Investigator: W. Rey Bryan (Director of Sectional 
participation in broad. program) 


ther Investigators: NM. A. Fink, R. A. Manaker, F. J. Rauscher, 
Dorothy Calnen, John P. Kvedar 


cooperating Units: HH. B. Andervont and associates - BCI-lOO 
A. J. Dalton end associates - RCI-806 


Wen Years (calendar year 1959): 
Total : Te5 
Professional: 2.5 
Ocher: 5 


Projeest Description: 


Gbjectivesa: To determine whether various mamualian tumors 
that eceur spontaneously in laboratory enimals ani humans are 
associated with viral etiological agents. 


General statement: This project is part of a larger col- 
leborative stuiy enc involves four independent investigaters and tvo 
research assistants of professional grade within the Virus Cacclesy 
Section. 


The activities of this Section constitute a primary pert cf the 
jerger colleborative study which fnvolves other Sections of the eee Tatory 
of Biolosy, and other leboratories of the Hational Cancer Instit 
as well as two Public Health Service hospitals. Cooréineticn bette owe 
See bions and laboratories is provided by the chie? of the Leborator 
or Blology. Overell direction and coordination of the joint statics 
involving PES hospitele ie provided hy the Associate Director in 
of Research, ECT. 


A * & & 


Methods employed: Since tumor viruses of laboratory animeis 
ave species specific, humea tumor viruses, if they exist, may alse 
be expected to be species specific. This constitutes the major 
obstacle to an all-out abtack on the human problem with existiag 
knowledge and techniques, since biclogicsal tests for viruses carmaot be 
eaxrried out within the seme species. 
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ce most pramising approach to the human problem at the present 
time is that of usize human celis grove im tissue culture as biological 
indicate ors. 2 virus activity. ‘his epprozeh was therefore started 
first, and has now been in progreas for about one year Or, Maneker 
and associates - see his report, RCI-816). 


A second approach imvelves the use of reeent developments in 
the field of inmmunmolesy ami the injection of laboratory animals in the 
late foetal ex aconetal state for the induction of immunological 
tolerance towe7d foreion (Imman) vivel antigens in leboratory animals. 
Exploratory studics, caly, have been carried out thus far, pending 
the availability of animal rooms now under construction (see report 
of Dr. H. A. Fink - BCI-415). 


fhe third approach now beimg pursued invoives the inoculatien 
ef both filtrates of mammalian tumor tissue andi tumor tissue fragments 
ento the choriosilentoic memerenes of beth chicken and Jepanese quail 
egess. Fecheideal procedures are being developed with tumors of 
leboratory animals aot now knoun to have e viral etielesy. Studies 
involving humsa cancers will be instigated as soon as the technical 
procedures have been sufficiently developed to insure a fair chance 
ef success. Until recemtly these studdes were conducted by the head 
of the Virus Gneology Section, but have now been turned over to 
Dr. FP. J. Revecher who recently joined the staff. 


Ta addition to the above biological approaches, studies in 
collaterstion with Dr. Beaiteon and his associates of the Celluler 
Biology Sscticn involve examination of tumor tissues by electron 
gicreseopy for evidence of the presemce of virus particles. Toward 
this end, esméidete tumors are extrecteé and processed by mstkeds that 
have proved successful in work with Enown animal tumor viruses, and 
concentrates Fractions which would be expected to contain particles of 
the size of viruses are derived by ultrecentrifugetion. The pelletized 
weteriais ave fixed weile im the centrifuse tubes and then processed 
for thin section electrommicrescopy. Exaeinations of all strata of 
the | pellets in longitudinal sections provides a basis for the detection 

of eee or virus-like particles, if they ere present (See report of 
Drs. Dalton and Zeigel). 


Finally, @ major part of the cverall research project involves 
the similar testing and study cf mammlian tumors other than those of 
buisnas, bat waich are not now known to have a virel etiology. Since 
such materials can be put beck imto indicater hosts of the sane 
species (various laboratory animals), a means is thus provided for 
proving the efficacy of the verious procedures and approaches outlined 
azove Yor the detecticn of tusor viruses. 


3a jor finding: es: The past year bas been spent in the development 
of methods, recruiting of sew personnel, and the among ef lebora- 
tories and emimal rooms. Although ectusl investigations are alresay 
wuerwey, the program is not yes im full oper retion. Ro final reselts 
GEé available for reporting at this time. 
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Projected course: During the calendar year 1960 the following 
HAR yeers will be devoted to this projeset: 


Total: 13.5 
Professional: 3.5 
Gbers LO 

Part & included: Yes Ho £ 
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Serial No. NCle256 
i. Lab. Chemical Pharmmaceclagy 
2. Office of the Chief 
3. Bethesda i, Maryland 


PHSeNIH 
Individual Project Report 
Calendar Year 1959 


Part A. 


. Project Titles Piannina, Management and Coordina- 
tion of Investigations, Oraqanized in an Interdisciplinary 
Team Approach, on Basie Science Aspects of Pharmacology 
in Cancer. 


Principal Investigator: Murray J. Shear. 
Other Investigators: Adrian Perrault. 


Cooperating Units: 
Man Years (calendar year 1959): Patient Days 


Totals if None 
Professionals 2 
Qthers: 9 


Project Description: 


A. Generali 
2. Plan 


The strategy has two main facets: a) invege 
tigation of factors in the mammaifan host which ere capa- 
ble of influencing major phenomena in malignancy — viz., 
genesis, orowth, invasiveness, and metastasis; and b) 
contributions to principles of methodoloey, and mode of 
action, in drug treatment of cancer. Although these two 
main lines of work would appear to be unrelated, seme of 
the findings will reauire interdigqitation of the immunolode- 
ical and the chemotherapeutic approaches for their expiaie 
tation. 


The points made in this part of the report 
last year continue to have relevance. 
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2. Organization 


Reeorfentation and reorganization of the 
Macremolecular Chemistry and of the Blochemicai Pharmae 
cology Sections, deseribed in the previews annual report, 
heve now been accomplished. 


De. A. We. Schrecker is performing ably, with 
high morale, together with Dr. J. A. R. Mead -ho plans to 
stay with us and become a citizen of the United States; 
they work well snd fruitfully together. Dr. M. A. Chiriaos 
Joined Dr. Goldin’s group during the year and is takina 
hold in a quite satisfactory fashion. Mr. John Venditt?! 
is functioning, to our eomplete satisfaction, as Assistant 
Project Officer in the scientific eperations under cane 
tract arrangement at Microbiological Assecfates. The work 
of Dr. Goldin and his staff has increasingly been receive 
ing favorable recognition. So many requests are being made 
of Dr. Goldin to previde his experience and jJudament to 
affairs of chemotherapy on the breader scene that, in view 
of his whole-hearted co-operative spirit, there is new 
the danger of his becoming overieaded. 


Dr. P. T. Mora is continuine to mature, ag 
a biological scientist and as a scetion leader, ina 
gratifying fashion. The work he and his collaborators 
have been doing has attracted faverable camment from oute 
standing research men in his field both here and abreed. 
The following personnel chances are being made: Dr. D. 
Viviants retirement for disability becomes effective at 
the end of 1959, and his technician is being transferred; 
Dr. J. Preiss is alse being transferred; and Dr. E. Meriecr 
ts leaving for a university appointment fn January 1960. 
Recruitment for replacements is in progress. 


In the Polysaccharide Section also, there 
is a continual ferment of excitine ideas and findinas, 
which go on despite personnel turnover. in the spring, 
Dr. R. Skarnes left to work in Prof. Grabar's iaboratory 
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in Paris for a year under an NIH Fellowship and, at the 
end of June, Dr. F. Rosen returned to Boston under an 
appointment at the Chiidren’s Medical Center of Harvard. 
The replacements are two young men: Dr. G. Michael who 
recently received his Ph.D. in Microbiology at Rutsaers 
under Prof. Werner Brauns and Dr. J. Re Keene, who had 
just completed his internship at the Johns Hopkins Hes- 
pitai. Both men show signe of promise. 


Towards the close of the year, realienment 
of personnel amona the Sections was carried cut te depict 
more realistically the actual supervisory relationships. 
The major change was the shifting of Mr. Perrault and his 
subordinates to the Office of the Chief. 


Be. Specific 


The activities of the Laboratory are described 
in detail in the accompanying reports by the four Section 
Heads. At this point, a few specific items are selected 
for mention. 


1, Further integration of the laboratory proe- 
‘gram with the clinic is in pregress. Dr. Goldin continues 
to maintain e close and requiar liaison with the Clinice? 
Director and the steff of the Medicine Branch. Steps are 
being taken to extend to clinical material from the Sure 
cery Branch the findings made, with animal material, in 
the sections dealina with macromolecular bislegy and 
chemistry. 


2. Dividends are beqinning to be ebtainse from 
studies of host factors in the mammal which affect bace 
terial polysaccharides and bacterial cells. These finde 
ings are valuable in themseives but, in addition, the 
bacterial cell has been employed as a "model" for the 
mammalian cell. Extension to tumer celis of cur newer 
concepts and materiais is yielding positive progress. 
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3. We are still wrestiing with the difficult 
probiem of unambiguous isolation of pelysaccharides with 
endotoxic properties from mammalian material. This de- 
veloped from the experiments of Dr. E. Merler whose ate 
tempts to cenfirm and to systematize the empirical pro- 
cedures of Mr. Perrault highlichted the necessity to rule 
cut, rigorously, the role of contaminatina bacteria by 
definitive culturing of samples of the materfal taken 
throughout the processing procedures. Mr. Perrault hes 
now succeeded in governing the protracted manipulations, 
over many weeks, in the open laboratory so that bacterial 
contamination (as checked, independentiy, at every stage 
by Mr. Trapani) is not a facter. The final products ob-= 
tained in this way, however, have been unexpectedly flarqe 
in amount, and high in nitrogen content, as well as dea 
void of endotexic characteristics, Work ig in pregrees 
to split off the polysaccharide melety from the proteins 
with which it is presumably bound. 


lh. Requests continue to be received by the 
Chief for consultation, advice, and help in many differe- 
ent kinds of scientific metters. These appeais come from 
various parts of the NIH, other Federal Government Departe- 
ments, universities, scientific organizations, industry, 
and Embassies of fereian countries. The requests come 
from this country and abroad, end ere made down the Line 
from Directors of Research to recent graduates and stuo 
_dents. These demands are met within the limits of fesse 
ibikity. 


S. A geod deal of time has hed to be given by 
the Chief te the affairs of the American Association for 
Cancer Research in discharge of his official responsibile 
fties in thet organization ag PresidenteElect, as Chalrman 
of its new Policy Committee, and as its representative in 
the Washinaton area. 


6. Item 6 in the report for 1955 stated that 
"International research activities claimed an increasing 
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share of the time" of the Chief. This was even more the 
case in 1959. He continued to contribute, with others, 
in the drawing up of proposals for woridewide cancer re- 
search through WHO. He reeorganized, as Chairman of the 
Finance Committee of the International Union Acainst 
Cancer, the obtaining of new financial support for the 
UICC, and continued to serve as Chairman of the Cnemo- 
therapy Comnittee of the Union. In his capacity as an 
officer of AACR and of UICC, he devoted (by invitation) 
considerable time to staff work for leqislative circies. 


Future Course? 


The aenerai philosophy of the program of the 
Laboratory is much the same as described in the report 
fer 1958. Coordination and interdiqitation among the 
various projects in the different sections will continue 
to be encouraged. 


Directing research is relatively easy: a) when 
inetructions are issued by the Boss Man, and followed by 
a docile staff (i.e., Regimentation)3 or b) when In @ 
aqroup of creative original men each, separately, follows 
his own bent, with the Chief merely being their adminise- 
trative servant (1.e., Laissez-Faire). Giving leadership 
to taiented, strong-willed, temperamentai scientists is 
difficult enough when each works on a completely independ 
ent project, but the difficulties are maltiplied manyefsid 
when the objective is to maintain their enthusiasm for 
working toward a common tarcet and with materiel in common. 
But it is worth the effort! 


Discussions have been held by the Cnfef with 
several of the staff of the Surgery Branch te the end that 
this Laboratory might explore posaibie differences between 
the bleed sera of cancer and nonesancer patients with Free 
gard to the newlyeuncovered cytccidal factor fer tumor 
ceils; also, to determine whether human cells (normal and 
malfonant) behave as do those of mice with respect to 
capacity to absorb out this factor from normal human biesd 
serum. In the ifght of the work of the Bj&rkiunds in Sweden, 


20 


cy 
ane iach be si 
a) 


au ay) 


‘eal 
Wy H BD be 
ea : tae Nie) 
eve i , He 


Wael 


a : 


Mint 
ut 


a wi De aes 


‘i K ak Ta mt ne if ‘uh , ry an We Ane , 
¥ Den CG Mad i.) FET MA ts f " esha 
in i i Ve , " ' Hie) hh 1M cr u ; : WW tah 4 


path 


aN te iy 


dint 
ia 
Da 
BG ie ene 
ACen 


Mi ny 


ee, 
nh Wy ‘e 


hay 
Ait iH cy 
ai yh 


l wan i p ‘ x 
as sl By aaa rae a 
ne i 


y i H te ¥ Apres ly 
one, i ul ng " Si aia ue nth, ae noc Na oR i ay 
' a , f iv 


Vth 


{ 
aban on 
a0) | avy 


Udi 
Daca 
SY 


anh te 
vis KPobwrahpuioae ea 


pee te RA Ae 
hed iho 


Ci ve Ph win Ht a 
Bi: ay By hal ely 


iT ig a H AU ¥ ‘ é P 4 Ve ah oF 
Pi ¥ il Ne ih } i bat i iH joer oe Arai? We aoe ae a - 
sui} 


DENG a 
Y Tigi Witey , 
te if Ay he A owl f 
Dai ; wll ha fi ira ‘ ri ; , ine 
ee ah Pant Ma Pay ; : 
PESO EUR AT ASH Ooh Wate 
+) Sa a Hyena Bs il 


dine f f : ia 
mt Hil tt ih OTN y ih ; CR Diunen A An Bs 
He i ' iy 


PA ee 
Het Aan Ny 
at 


Ne Peahe8 
La ANN 
ORM Ue 
ni ya 


1 


NV 
' HoH i; 
We “ae 


ie yt 
Wi) 
rs a 


BoM 


Anne 


a mi 
ai t) 


Neca st ia : | ; ; rs i 
Ai tis f } \ ' ae 4 i 
Tee Oa ; ae heen ey ; i) IN aaa AN ii i ae 
7 Z i Hi k 1 t My i 


Orn 
Me RRNA 


a 
rat 
HUNT 





Serial Ne, NCi-25¢ 
Calendar Year 1959 
Part A = Page 6 


and of Fedoroff in Western Canada, this is on the docket. 
It only remains to persusde the leading men in the Labo- 
ratory to give these a sufficientiy high priority. 


At first siqht the mechanism of carcinecenesis 
by chemicals might seem te have no obvious relationship 
to the other lines of work In this Laboratory. However, 
there are now reasons for suspecting that the host factors 
presumed te be involved in other neoplastic phenomena 
under study by us may elso play e part in the qeneration 
of tumors by carcinogens. Hence we propose to explore 
this hunch during the coming year. 


Part B ineluded: Yes 
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PHS@NIH 
Individual Project Report 
Catendar Year 1959 


Part B. Moeneors, Awards, and Publications 


Publications (no abstracts included): 





(1) Landy, M., Trapani, R-J., and Shear, M. J.? 
Inactivation of endotoxin by a humoral component. IV. 
Alteration in the Immunological properties of typhoid 
endotoxin. J. Exper. Med. 180: 732-750 (1959). 


(2) Mora, P. T., Young, B. G., and Shear, M. J.2 
Reduction of Toxicity of Cationic Macromelecules by Come 
plexinea with Anionic Derivatives of Synthetic Polyglucoses. 
Nature, 18:2 h3%e33 (1959). 


(3) Mora, P. T., and Shear, M. J.: Reversible Inhi- 
bition of Macromolecules (Enzymes, ete.) by Electrostatic 
Interaction with Derivatives of Synthetic Polysaccharides. 
Internationale Union fiir Reine and Angewandte Chemie, Kom= 
mission flr Macromoleciile, Symposium fiber Makromoiehiile in 
Wiesbaden. Macromoleculare Naturstorfe und Modelle, Vore 
trage V C3, Verlag Chemie, GmbH. Veinheim (1959). 


Honors and awards pertaining to this prejects 


1. Elected Vice-President (President-Elect) of 
American Association for Cancer Research at the Annual 
Business Meeting, Atlantic City, April 1959. 


2. Appointed Chairman of the newlyecreated Comittee 
on Policy, of the Amer. Assn. Cancer Reseercn. 


3. Many people have commented on the inclusion in 
the lead article in the "Saturday Evening Pest” for Gst. 
31, 1959 of an interview (and photegraph) with the Chief 
on cancer chemotherapy. It is interesting that they cone 
sider this to be “recognition and an henor"! 
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lk. CBS hag made a film, with sound track, of the 
interview of the Chief by Dr. Tom Dooley (of Laos) for 
broadcast in January or February some evening in the 
program "CBS Reports . « . « « 
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Serial No. NCie253 
1. Laboratory of Chemical Pharmacology 
2. Bicehemicai Pharmacology Seetion 
3. Bethesda 14, Harylend 


PHS-NIH 
Individual Project Repert 
Calendar Year 1959 


Part A. 


oe Titles " Bloehemical and Pharmacological Studies 
° e6teTumor Relationships in Tumor Chemotherapy. 


Principal Investigator: Dr. A. Goldin 


ee Dr. A. Sehreeker, Dr. HM. Chirigos, 

~. Head, S. Humphreys, J. Venditti, N. Mantel 
(eicaete “Braneh), Dr. R. A. Darrow (now at National 
Institute for Medieal Research, Mill Hill, London, England, 


Cooperating Units: 


(a) General Medieine Branch, N6I: Dr. E. Frei and 
staff. Serial No. NCI 226. 


(b) Laboratory of Biology, NCI: Dr. J. Moloney. 
Serial No. NCI 420. 





(ce) Laboratory of Neuroanatomical Selenees, NINDB: 
Dr. J. Cammermeyer. Serial No. NINDB EP-1. 


(a) Graduate School, Biochemistry Department, Brendeis 
University, Waitham, Massachusetts: Dr. Nathan ©. Kaplen 
and staff; Chemistry Department, Dr. Orrie Friedman. 


(e) Department of Pharmacology, Washington University 
Sehool of Medieine, St. Louis, Migsouri: Dr. R. Birten and 
Dr. R. Salvador. 


cod 


(f) Department of Pharmacology, Tufts University Medice 
School, Boston, Massachusetts: Dr. M. Friedkin, De. L. Shuster. 





(g) Oklahoma Medical Research Foundation, Oklahome City, 
Oklahoma: Dr. P. Condit. 
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(n) University of Miami Medical School, Miami, 
Florida: Dr. J. Colsky. 


(4) Cancer Chemotherapy National Service Centers 


Miervebiological Assoeiates, Inc., Bethesda, Meryland 
(Contract No. SA-43epn-2371). Seriel No. NGI 216. 


Nan Years (calendar year 1959): Patient Days 


Fotals 13 Nene 
Professional: 6 
Others T 


Project Deseription: 


Ob jectives 


1. Study of the mechanism of action of antitumor 
agents, including metabolie antagonists, alkylating agents, 
antibioties, ete. 


2. Synthesis of new agents. 


3. Study of host-tumor interrelationships with respect 
to drug action. 


4, Establishment of new therapeutic prineiples and 
yroecedures in the menagement of tumor growth in snimais. 


Methods Employed 


Macrobiological assay procedures involving methods of 
inhibition enalysis for enimals with and without tumors. 
In vivo and in vitro biochemical precedures. Radioactive 
tracer techniques. Organie chemistry procedures. 


Major Findings 


1. Survivors of Systemic Leukemia (with Humphreys, 
Venditti, Chirigos, and Chapman): It had been reported last 
year that the dihnalogenated derivative of amethopterin, 
3',5'edichloroamethopterin (DCM), was capable ef eliciting 
extensive increases in survival time of CDBA mice with 
advanced leukemia, and that some of the mice actually survived 
for an indefinite period of tims. . 
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A study was conducted to determine the relationship 
between duration of therapy and antileukemile effeet with 
DCH. Survivors of systemie disease were obtained only 
when adequate doses were administered over an extended 
period of time. The iength of time necessary for daily 
treatment to be continued before any significant number 
of survivors could be obtained proved te be 30 to 60 days. 


When daily treatment with DCM was discontimued prior 
to 30 days, very few of the animals survived. As had been 
observed earlier with emethopterin, most of the animals 
succumbed within several days following discontinuance of 
therapy. After about 2 weeks of treatment the animals 
usually showed no gross evidenee of the disease, and 
inoevlation of blood or trangplantation of tissues into 
other mice frequentiy failed to transmit the disease, 
Microscopic examination of the tiasues of such snimals 
might also show no evidence of the disease, That such 
apparently cured mice still harbor the disease was demon- 
strated by the regrowth of the leukemie when treatment 
was discontinued too soon. 


2. Studies on Immunity (with Humphreys, Chirigos, 
Chepman, and Venditti): It had also been reported that 
mice surviving systemic leukemia were refractory to 
reinoculation of a massive dose of lewkemic cells, These 
studies have been extended. Mice surviving systemic 
leukemia 11210 show transplantation imminity net only to 
reinoculation of the sensitive line ef leukemia L1210, but 
also show a high degree of transplantatien immnity to 
inoewlation of en amethopterin resistant subline, MN6R, 
(whieh is algo markedly resistent to DCH). The survivors 
of systemie disease were also immme to a DCM resistant 
subline (M66=3R) of leukemia L1210. Following inoculation 
of either one of these resistant tumors (or the sensitive 
tumor), many of the mice showed no evidence of levkemic 
grovth, while in others the tumor grew slowly end attained 
@ large sise at the site of leukemic inoculation, prior to 
death. The latter observation suggests that the disease 
does net readily become systemic in the mice that have 
aoquired immunity. 
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Similerly, ‘out of strain’ BALB/eén mice immunized 
ageinst leukemia L1210, without the benefit of drug 
therapy (merely by implanting the tumor and letting it 
regress) were also demonstrated to be immane to subsequent 
inoculation of these resistant verients. Thus, in “in 
strain mice the therapy is required to elicit the immune 
response. In ‘out of strain” mice the initial implant 
regresses spontaneously and the mice beceme immune. 


fhe above results provide a separation between tumor 
eell resistance to therapy as opposed to tumor cell 
resistance to host immnity. The two variants of leukemia 
L1210 (M&GR and M66-3R) are resistant to entifelic therapy 
but are inhibited by the induced immunity of the host. 
Thus, although the immune mechanism may contribute to 
therapy in the ‘in strain” mice, resistence to therapy — 
does not necessarily imply abrogation of the effeetivences 
of the immine response. his is in agreement with the 
previously reported finding that failure of therapy is not 
necessarily assocLlated with the development of tumor cell 
resistance. . 


It has been observed that the homograft response to 
the amethopterin resistent subline L12i0-RHIOR mey be overe 
come by treatment of the “cut of strain” mice with amethopterin 
or DCH. On treatment with these drugs the tumor grows 
progressively and the animals succumb. However, if the 
“out of strain” mice were immunized by preinoculation of 
normal spleen of DBA mice or with leukemle tissue, antifoliec 
treatment did not suppress the esteblished immunity. 


fhe above observations raise questions concerning the 
role that host imminity may play in influencing the hoste- 
tumor relationship in ehemotherepy. To what extent is the 
antileukemie action ef the antagonist attributable to immune 
responses influencing host tumor compatabllity relationships? 
That the successfully treated leukemie mice show evidence 
of immmity would suggest thet at least part of the curative 
action of the halogenated derivatives results from therapy 
_ go influencing the host-tumor relationship thet the mice 
develop immmity to the disease, The immime state in turn 
may help to eradicate the disease. if true, what are the 
detailed mechanisms and can advantage be taken of this in 
therapy? 
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3. Sensitization of a Resistant Tumor to Therapy 
(with Humphreys, Chirigos, Venditti, and Chapman): A 
model experiment has been conducted showing that it is 
possibile to sensitige an antifolie resistant subline of 
leukemia L1i210 to therapy. This was accomplished by prior 
inoculation and treatment of the sensitive line with DCH. 
The tumor employed was the MAGR resistant variant of 
leukemia L1210, which is highly resistant to methotrexate, 
end markedly eross-resistant to DGM. MOR controls live 
for about 10 days. Treatment with BCH, even when treatment 
ig initiated on the day of implant, extends the survival 
time only to approximately 20 days. The survival time of 
the mice with this resistant tumor may be increased to as 
mach as 60 days if the animale are preinoculated with the 
sensitive leukemia and treatment with DOM 1g initiated 
after the disease has become systemic. 


Presumably the treatment of the mice with the sensitive 
systemic leukemia elicits an immume response in the hoat 
whieh in turn, contributes to the therapy of the resistant 
leukemia, This presumption would appear te be warranted, 
sinee mice that had survived systemie leukemia Li210 fol- 
lowing extensive therapy (day 7 to 90) were demonstrated 
to be wholly or partially immune to reinoculation of either 
the sensitive or antifolie regigtent variant. The possibility 
is net excluded, however, that the sensitive leukemic celis 
may have sensitized the resistant cells directly om following 
therapy. The study indicates that the ehemotherapy of 
eombinations of sensitive and resistent varients-may be 
employed to study immunological and other factors pertaining 
to transplantation, and to investigate means for the improve= 
ment of therapy of resistant variants. Resistant sublines 
may serve as convenient markers for studying these inter- 
relationships. 


& Route of Administration of Antifolics 


a. Survival time (with Venéitti): The extensive 
survival time observed on treatment of mice with sdvanced 
leukemia was obtained with subeutaneous edminigtration of 
DCH. A study has now been condusted showing that on oral 
adminiatration of DCH, there is a marked less in antileukenie 
effectiveness, Amethopterin has also shown reduced effectiveness 
on oral administration, 
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db. Effect of route of antifoliec edministration 
on formate incorporation (with Sehrecker, Mead, and Lynch): 
Sinee the inhibition of formate incorporation into the 
acidegoluble adenine of leukemie apleens can serve &8 a 
measure of effective levels of antifolie drugs, in vivo, 
4¢ was employed to compare the effectiveness of different 
routes of administration. In leukemie mice, the subcutenscous 
and intraperitoneal routes produced similar levels of 
inhibition with DOH. Haxinmum inhibition wes observed when 
formate was injected 20 mimutes after the administration 
of the drug. Even efter 7 minutes, nearemeximal inhibition 
was obtained. However, with oral edministration of DCH, 
maximum inhibition was not reached before an hour, Moreover, 
mich larger doses were required to produce inhibition levels 
comparable to the ones found on parenteral administration. 
It would appear, therefore, that DCM is only slowly absorbed 
from the intestinal tract, and that mach larger doses are 
needed to praduce an antitumor effest then by the perenteral 
route. Sinee one of the main toxic effects of DCM is that 
produced in the intestinal tract, our studles would suggest 
thet the oral route of adminiatration is inferior. This is 
of importance in ite implications for clinical therapy. 


5. New Antileukemic Agents (with Venditti end Humphreys): 
Cytoxen, a eyelic phosphemide ester of nitrogen mustard, was 
investigated in some detail against leukemia Li210 and 

several of its resistant sublines. It was found to be more 
effective than a series of alkylating agenta ineluding 

uracil misterd, nitrogen mustard, triethylene meianine, 
degranol, ehierambueil, nydroquinone mustard, sarceolysin, 

or nitromin, in inereasing the survival time of mice with 
advanced leukemia. It was at least as effective as anethopterin. 
In agreement with data of Dr. MH. Lene, its antileukemic 
effectiveness against advanced leukemia was demonstrable 

over a wide range of seheduies of therapy, intermittent 
administration of the drug appeared to provide more effective 
therapy . 


fhe antitumor effectiveness of Cytezan was not diminisned 
in the treatment of sublinea of leukemia 11210 which were 
resiatent to the antifolies or the antipurines, The entie 
leukemic action of Cytoxzen could not be blocked by nicotinamide, 
as had been reporved elsewhere. 
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Studies with Cytoxan against early transplantable 
leukemia L1210 suggest that the action of this alkylating 
agent resuits in the aetual destruction of antileukemic 
cells, A single dose of Cytoxen was so effective against 
early leukemia that meny of the mice survived. 


By comparison with the treatment of normal mice, it 
was demonstrated that the therapeutic effectiveness of 
Cytonen was limited by the toxicity of the drug for the 
host. This toxicity was less limiting than had been 
previcugly cbserved with 5-fluorcurasil, 


Cytozan was also demonstrated to be effective against 
adenocarcinoma 755 in miee, retarding the growth of the 
local tumor, and increasing the survivel time of the mice. 


Cytoxan derivatives - A collaborative researeh 
progrem ia in progress with Dr. Orrie Friedman at Brandeis 
University, whe is synthesiging congeners of Cytoxan. 


Structure-activity relationships are under investigation 
with these compounds in this lcboratory. 


6. Pyrasolo Pyrimidines (with Venditt4 and Frei): 
A detailed study wes conducted on the effectiveness of 
the pyrazolo(3,4-d) pyrimidines against tranaplantable 
mouse tumors. 


‘A series of pyrazolo(3,4-d) pyrimidines, substituted 
4n the & position, was compared with Gemercaptopurine and 
amethopterin for ability to increase the survival time of 
mice with advaneed leukemia L1210. There was a wide range 
of antileukemile activity among the various pyrazole 
pyrimidines employed, but none of them was as effective 
as Gemercaptopurine or amethopterin. 8-Aminopyragole 
(3,%-d) pyrimidine (SAPP); 4-n-propylaminopyresoie(3, 4d) 
piesnidine; Aepensylaninopyrazole(3,%-d) pyrimidine; and 

amino-lemethyl pyrazolo(3,4-d) pyrimidine were the most 
effective of the pyragelo pyrimidines tested. They were 
approzimately 30 per cent as effective as amethopterin in 
inereaging survival time of mice with advanced Leukemia. 


RAPP failed to preduce appreciable increases in the 
survivel time of mice with an Geagzgaguanine resistant subline 
of L1210, also resiatent to Gemercaptepurine., On the other 
hand, 4APP did produce marked inhibition of growth of the 
local tumor in mice bearing the entipurine resistent leukemia, 
indieating that cross resistance was not compiete, 
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uAPP and the 4-bengyl derivative inhibited the growth 
of relatively early adenocarcinoma 755, but failed to 
4nerease the life span of the mice. In centrast, Semercapto= 
purine produced a marked imerease in the survival time of 
the mice bearing adenocarcinoma 755 and also resulted in a 
high ineidenee of tumor free survivors. 


SAPP was ineffective against sarcoma 37. It failed 
to inhibit local tumor growth end failed to increase the 
survival time of the mice. 


7. Evaluation of Antileukemic Agents Euploying 
Advanced Leukemia L1210 in Mice (with Venditti, Kline, and 
Mantel): The assay procedure employing advanced leukemia 
in mice, developed in this laboratory, had originally been 
empleyed to evaluate the entileukemic effieacy of 38 compounds, 
including 23 that hed been employed in the Gellhorn-Hirschberg 
report, on investigation of diverse systems for Cancer 
Chemotherapy Sereening. This assay system is now in fulle 
scale use in the Drug Development and Evaluation Program 
(Contract No. SA-li3-ph-2371). A total ef 125 compounds has 
been evaluated in this system with respect to thelr relative 
capacities to extend survival time of mice with leukemia 
£1210. Ineluded in this list are alkylating agents, antie 
bioties, purine and pyrimidine antagonists, nicotinamide 
antagonists, colchicine derivatives, ste. Two solid tumor 
assay systems have also been developed (Adenocarcinoma 755 
and Sarcoma 37), and are currently being employed in the 
Drug Development end Evaluation Program (details are listed 
in report on Contract SA-43-ph-2371). 


8, Virus-induced Leukemia (with Moleney and Humphreys): 
A collaborative program has been inatituted with Dr. J. 
Moloney to study the effect of chemotherapeutic agents 
against the Moloney virus leukemia. Moloney obtsined this 
virus from sarcoma 37. It induces lymphocytic leukemia in 
mice, and is not atrain specifie in this regard. The induced 
leukemia is transplantable as the whole cell, but is strain 
specific, Sufficient studies have been conducted te date 
in this program to demonstrate that the virus induced leukemia 
provides a useful tool in chemotherapeutic atudies. Once the 
disease has developed it appears to be highly refractory to 
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therapy. Little or no inerease in survival time was 
obtained with amethopterin, Cytoxan, or S-mercaptopurine. 
On the other hand, definite reduction was observed in the 
sige of the spleen, liver, thymus, snd nedes following 
therapy with these drugs. This work is to be extended 

to inelude study of the aetion of drugs on (a) the virus 
itself, (b) the induced leukemia, and (c) the trensplented 
leukemia. Treated animals are being examined for mlcro= 
seopie pathology by Dr. Thelma Bunn. : ass 


S$. Spontaneous Tumors (with Humphreys, Chirigos, and 
Chapman): Chemotherapeutic studies have been undertaken 
with spontaneous mammary tumors in C3H mice. Although the 
initial study has not been completed, it is already evident 
that the spontaneous tumor is highly refractory to emethopterin, 
Gemereaptopurine, end Cytoxan. 


10. Combination of Chemotherapy and Surgery (with Colsicy, 
Chirigos, and Humphreys): Some evidenee has been ebtained 
that the combination of surgery plus treatment with 6-mereapto- 
purine is more effective than treatment elone, in inhibiting 
tumor growth and possibly in increasing the survival time 
of mice with adenocarcinoma 755. 


11, Biochemical Studies with Antifolies. 


a. Inhibition of purine synthesis (with Schrecker, 
Mead, Darrow and Lyneh): Studies were continued on the 
inhibition of purine synthesis de novo in normal and leukemic 
mice by amethopterin and 3',5'-diehicroametpopterin (BGM), — 
a8 measured by the inhibition of formate-62" incorporation 
into aeidesoluble adenine of spleen and cther organs. A 
emeall perenteral dose of either drug produced extensive 
inhibition in spleen or leukemie tissues when it wes admin- 
4stered legs than one hour before the injection of labeled 
formate, For instance, a single dese of 1.5 me/ke of DEN 
produced over 90 per cent inhibition in leukemie spleens 
when it wes given 20 mimites before sdministration of formate. 
With this 20-mimute interval, the dose ratio of DCH te 
emethopterin for equal inhibition, as determined in dosée- 
response studies, was about 2. However, the inhibitory 
effect of the crugs wes transitery, and the effect of BEN 
wes mich less persistent than thet of amethepterin. By 
extending the interval between the administration of drug 
and of formate, recovery curves were obteined. They showed 
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that, with an interval of 6 hours or more, the dose ratio 
of DEM to emethopterin for equal inhibition, besame about 
35 tol. It should be noted thet, to obtain inhibition 
lasting for 2 hours, about 75 me/ke of DOM wes required. 
This is the dose thet produces maximim survival times in 
leukemie mice on daily treatment. The finding indicates 
that, in therapy, it is necessary to maintain en effective 
@ose-level between consecutive injections. 


By measuring dose-response relationships with 
amethopterin and DCH in both normal and leukemie spleens, 
it was found that DOM was relatively more effective than 
amethopterin in the latter. This may account for the 
are favorable effect of DEM in prolonging 11fe in leukemis 

ee. 


b. Mechanism of revergal by citrovorum factor 
(with Sehrecker, Head, and Lynch): Treatment with very 
large amounts of eitrovorum factor (CF) esused partial 
reversal of the inhibitory effect of emethopterin and DOM 
upon formate incorporation into the acid-soluble adenine 
of leukemic and normal spleens in vive. Ineressed doses 
of CP were needed with increased doses of the drugs. 
Reversal was more pronsunced when CF was administered 
before, rather then after, injection of DOM. The current | 
theory of the action of folie acid antagonists does not 
appear to explain these resuits. Since amethopterin blocks 
the formation of tetrahydrofolic acid from folie esid, and 
since CF can yield tetrahydrofolie acid by a different 
pathway, supposedly uneffected by amethopterin, formate 
ineorporation should not be inhibited at all by amethopterin 
if sufficient CF is auppliied. Our results show that this 
4s not the case. Therefore, amethopterin (and DEM) mist 
inhibit the trensformylation reactions in purine mucleotide 
biosynthesis or inhibit the transport of CP inte cells. 
The latter has been demonstrated by Wood and Hitchings in 
bacteria. Our study suggests that this may also be trues 
fer leukemic eslis and for normal spleen eeila. 


ec. Correlation of biochemical indices with therapy 
(with Sehrecker, Mead, end Kumphreys): Normal liver wes 
feund to be rather insensitive to antifolis drugs. Time, 
a Gose of 75 ma/kg of DCH failed to produce inhibition of 
formate incorporation in that organ. Sines fermate incorporation 
in leukemic cells is mach higher than in liver, and since it 
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is greatiy inhibited by DCH, it ean serve as a measure 

of systemie infiltration during the leukemic precess as 
affected by treatment. Formate incorporation was meagured 
in leukemie mice that were treated daily with 75 me/ke of 
DCM from day 7 to 17 after inoculation. in untreated 
eontrol mice, formate incorporation rose sharply as the 
livers became infiltrated. Treatment reduced incorporation 
to the levels observed in normal livers. With cessation 
of treatment, ineerporation rose sharply again after a 
delay of about 3 days, Indicating reinfiltration ef the 
mere with leukemic eells. Analogous results were observed 
n spleen. 





d. Resistance atudies (with Sehreeker and Mead): 
Studies have been instituted on smethopterin-induced 
inhibition of formate incorporation in an amethopterine 
resistant subline of L1210 leukemia (M6R). Large deses 
produced extensive inhibition of formate incorporation in 
leukemic gepleen and loeal tumor with the sensitive and 
resistant subline. With smali doses, inhibition was leas 
pronounced in the resistant subline. The differential 
effect was more pronounced in the local tumor than in the 
infiltrated spleen. The data suggest that the dose-response 
curve for inhibition is shifted toward the larger deses in 
the vegistant subline, in agreement with Nichol's description 
of resistant cell populations. The difference between the 
sensitive and the resistent leukemia would appeer to be of 
a Quantitative rather than qualitative nature. 


e. Dihydrofelie reduetase (with Dr. Friedidn, 
Humphreys, end Sehrecker): Studies are in progress on the 
inhibition of Gihydrofelie reductase by antifolics in 
sensitive and resistant tumors. Evidence has been obtained 
that dilydrofeolic reduetese activity is higher in the 
resistant subline studied than in the sensitive leukemia. 


12. Amino Acid Metabolism 


a. Tyrosine end Tryptophan (with Chirigos): 
Preliminary studies have shown that tryptophen and tyrosine 
are present in significant smounts in tumor as well as in 
normal tissues. A survey is being made of endogensus levels 
of tyrosine and tryptophan in tumor tissue as compared to 
normal tissue. 
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b. YTrenseminagse (with Chirigos): Transaminase 
activity is being surveyed in a series of transplantable 
end spontanecus tumors. Several amino ecids are being 
studied to determine whether individual transaminases 
ezist for each essential amino acid. 


ec. Trensport (with Chirigos}: Transport of 
aromatic amino acids in solid tumors is being investigated 
.in relation to inhibition by alkylating agents such as 
the phenylalanine mustards. 


A system of growing leukemia in mouse brain has been 
@eveloped in order to ascertain whether drugs effective 
against this tumor depend on a transport mechanism to 
exert their antileukemic effect. 


13. idine nucleotide Synthesis’ (with Narrod, Langan, 
and Kaplan): The injection of agaserine was demonstrated 
to inhibit markedly the synthesis ef diphosphepyridine 
nucleotide (DPN) resulting from nicotinemide injection. 


The amount of DPN in mouse liver is inersased markedly 
on injeetion of a number of pyridine derivatives, of which 
nicotinamide has been demonstrated to be most effective, 
raising the level by 8-10 fold. 6-Mereaptopurine, thiloe 
guenine, and nicotinie acid inhibit the synthesis of DPN. 
Agaserine, uniike the other inhibitors of this system, 
actually caused a merked reduction in the normal levels 
of the pyridine mucleotide. There was an approximately 
G-fold decrease of pyridine nucleotide level, as compared 
with the level in normal enimals. The mazimm decrease 
occurred in i-2 hours and recovery occurred in approximately 
24 hours. 6-Diago-5-ox0-Lenorleucine (DON) behaved similarly 
to agaserine in lowering mouse liver DPN. S8inee asaserine 
and DON are known to inhibit micleotide synthesis ef prec 
of DPN, this may account for the inhibition of DPN syn 
Additional investigations are in progress and it is hoped 
that these studies will be cf value in elucidating ths 
hd of DPN synthesis and ita regulation in the intact 
mad » 


14, Formation of Nicotinic Acid Analogue of Diphog= 
phopyridine Nucleotide Following Nicotinamide Administration 
(with Langan, Keplan, and Shuster): A pyridine nucleotide 
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isolated from the livers of mice injected with nicotinamide 
has been identified as the nicotinic acid analogue of DPN. 
Evidence has been obtained that it is an intermediate in 
the synthesis of DPN from both nicotinamide and nicotinic 
acid, a8 weli as from other pyridine compounds. Inhibition 
by ageserine of DPN synthesis from nicotinamide allowed 
gome accumilation of nicotinic acid analogue. 


315. Interaction of Nicotinamide with Reserpine and 
Chlorpromazine (with Burton, Salvador, and Humphreys): 
Nicotinamide will act in conjunction with reserpine end 
chlorpromazine to reduce the spontaneous activity of mice 
end to increase the duration cf snesthesis. 


16. Seacetyl pyridine toxicity (with Cammermeyer and 
Humphreys): Studies are in progress to investigate the 
pathology of the ataxia associated with sdministration of 
3-acetyl pyridine. 


Significance to the Program of the Cancer Institute: 





Tese studies are designed to provide basie information 
pertaining to the host-tumor relationship in chemotherapy, 
from both a pharmacological and biochemical point of view. 
From such studies, principles for treatment in enimais are 
being established which may be of use in application to 
ciinieal chemotherapy. 


Pro} 


During the nezt year the varieus phases of this work 
will be continued and broadened. Particular emphasis 
will be placed on phasing into the newly undertaken arees 
of research, indicated above. 


osed Course of Project: 
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Part B. Honors, Awards, and Publications 
Publications other than abstracts from this project: 


(1) Shuster, L., Khorana, H. @., and Heppel, L. A.3 
The Mode of Action of Ryegrass Ribonuclease. Biochim. 
Biophsica Acta 33, 452-461, 1959. 


(2) @Goldin, A., Venditti, J. M., Humphreys, S. Re, 
Shuster, L., Darrow, R. A., and Mantel, N.: Advaneed 
Leukemia as a Tool for Chemotherapeutic Studies. In 
press, ACTA UNIO INTERNATIONALIS CONTRA CANGRUM, (Proceedings 
of 7th International Cancer Congress, London, Mmeland, 

July 6-12, 1958). (Reported in last years' report) 


(3) Liebling, M., Humphreys, S. R., and Goldin, A.s 
Studies of 5-Fluorouracil in the Treatment of L1210 Leukemia 
in Mice. Cancer Research 19, 116-121, 1959. 


(4) Shuster, L., and Goldin, A.: Some Biochemical 
Effects of 2-Ethylamino-1,3,4%-thiadiagole. Bicehemical 
Pharmacology 2, 17-24, 1959. 


(5) Shuster, L., end Goldin, A.s The Effect of 
Nicotinamide on In Vivo Incorperation of Fermate-¢l4, 
Jd. Biol. Chem. 258, 129-133, 1959. 


(6) Goldin, A., Humphreys, S. R., Venditti, J. H., 
and Hantel, N.: Prolongation of the Lifespan of Hice 
with Advaneed Leukemia (L1210) by Treatment with Halogenated 
Derivatives of Amethepterin. J. Nat. Cancer Inst. 22; 
811-823, 1959. 


(7) Humphreys, S. R., and Goldin, A.: Investigation of 
fumor Variants Recovered from Mice with Systemic Leukemia 
(L1210) Following Extensive Therapy with 3',5$'-Dichioreamethop- 
terin and 3!) Bromo-5'-Chloroamethopterin. J. Nat. Cancer 
Inst. 23, 633-653, 1959. 


(8) Laszlo, J., Humphreys, S. R., and Goldin, A.: 
Effeets of Glucose Analogs (2-Deoxy-D-giucose, 2-Deomy-D=- 
galactose) on Experimentel Tumore, J. Nat. Cancer Inst., 
in press. 
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(9) Goldin, A., and Humphreys, S. R.: Studies of 
immunity in Mice Surviving Systemie Leukemia L1210. 
J. Nat. Caneer Inst., in press. 


(10) Venditti, J. M., Humphreys, S. R., and Goldin, A.: 
The Effectiveness of Cytexan Against Mouse Leukemia L1210 
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1674-1675, 1959. 
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Factor Activity of Mouse Liver. In press, CANCER. 
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Formation of the Nicotinie Acid Analogue of Dinphesphony 
Nucleotide Following Nicotinamide Administration, J. B 
Chem. 234, 2161-2168, 1959. 


(16) Goldin, A., Venditti, J. M., Kidne, I., and Mantel, 4.: 
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ness of Pyrazolo(3,8—-é) Pyrimidines Against Trenaplentable 
Mouse Tumors. In press, CANCER. 
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Honors and Awards relating to this project: 


A. Goldins (a) Reeeived reappointment as Visiting 
Professor Of Hiochemistry at Brandeis University, Walthen, 
Maeseachusetts; (b) Penel Member, Board of U. S. Civil 
Service Exeminers at NIH; (ce) Poreign Corresponding 
Member Socleta Italiena Di Cancerologia; (d) Affiliate 
membership, Royal Society of Medieine; (e) Appointed 
to Cancer Chemotherapy National Service Center Drug 
Evaluation Penel, and to its Committee on Experimental — 
Therapeuties; (f) Appointed to Cancer Chemotherapy Study 
Section, Division of Research Grents, NIN; gs) By 
invitation, served on Examining Committee for consideration 
of Sachindra Nath Pradham as candidate for Ph.D. degree, 
Jemuary 28, George Washington University School of Medicine; 
(h) Invited to pregent work of the laboratoxy at Inter= 
departmental Research Seminar, University of Hasyland 
Sehool of Medicine, March 8; (4) Invited to present work 
of the laboratory at University of Pittsburgh Medical 
School, May & and 5; (Jj) Nominated to attend Public 
Health Service Orientation Conference for Comalssioned 
and Civili Service Personnel, May ll-12; (ik) By invitation, 
presented data to, and participated in, New Agents Coumittac 
Clinical Study Panel, June 16; (1) Together with General 
Medicine Branch, NCI, presented work of the laboratory on 
elosed circuit television broadeast, July 31: (m) Invited 
to participate in symposium on "Comparison ef Present Stetusa 
of Chemotherapy of Transplanted Rodent Tumors and the 
Chemotherapy of Human Tumors, Mt. Desert Isiand Biological 
Laboratory, Bar Harbor, Maine, August 10211; {n) By 
invitation, participated in CCNS¢€ Conference on Experimental 
Clinieal Cancer Chemotherapy, November il-12,. 


J. Venditti: (a) By invitation, participated in 
Gordon Research Conferences on Cancer, New London, New Hampshire, 
August 31leSeptember 4. 


A. Sehreckers (a) Invited te spend a menth as guest 


worker in the Graduate Department of Biochemistry, Brandeis 
University, Waltham, Massachusetts. 
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PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Part A. 


Project Title: Pharmacologie Action of Tumor-Damaging 
and other Chemical Agents on Animal and Human Melignant 
and Normal Celis. 


Principal Investigator: Dr. M. Belkin 


Other Investizators: Dr. J. W. Preies, Dr. D. L. Vivian, 
A, Perraulec. 


Units: Dr. D. Lavie, Weizmann Institute, 






Cooperating 





erael, Dr, J. Dalton, Cellular Biology Section, 

NCI-406, 

Man Years (Calendar Year 1959): Patient Dava: 
Total 6 Wone 
Professional i 
Other 5 


Project Description: 
Objectives: 


(a) To study tumor necrotizing compounds, from 
plant and other sources, to Getermine how they bring about 
Gell damage and cell death. (b) ‘The morphologic and bio= 
chemical responses of normal and malignant cells to various 
drugs and chemical agents with particular regard te certain 
basic functions of the cell, i.e., permeabiliity, water 
metabolism, enzyme behavior, etc. 
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Methods Employed: 
Ginssicat techniques of pharmacology, cyto~ and 


histochemistry, and tissue culture are used. New teche 
niques are developed as necessary. 


as ee ee 
eacn oO e several facets of this project, 


the principal findings and general progreas during the 
past year are as follows: 


A. Tumor Damaging Capacity of Plant Materials. 





The systematic testing of erude plant materiala 
for tumor damaging capacity hag now been Giscontinued. 


fhe results of the final tests have been em-= 
bodied in two manuscripts, sas follows: 


1) 27% of 105 plent materials from 82 species 
of Australian medicinal and poisonous plants induced damage 
in transplanted sarcoma 37. Four plants, arbitrarily 
selected, were also screened against seven additional 
transplanted mouse tumors. Each of the four plants in- 
Plicted damage upon a number of tumors, but not always 
the same tumors. A certain degree of selectivity appears 
indicated, 


2) Of a series of 65 plant materials from 58 
plant species commonly used as foods, 349 produced damage 
in sarcoma 37. 


When the polysaccharides, dialyzeé from a 
number of these food plants, were teated against solid 
sarcoma 37, pronounced tumor hemorrhage and necrosie was 
preduced, Aliso, these polysaccharides could induce typical 
enlargement and vacuolizgation of sarcoma 37 and ether 
ascites tumor cells (see below). 


Tnese marke@ effects produced by these polye 
saccharides were obtained only after parenteral administra- 
tion (I.P. or I.V.). Noneabsorption or inactivation in 
the gut appears te be quite complete; since no effect was 
optained when polysaccharide was given orally, even at 
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Part Ae Page 3 
doses ten times the 4.T.D. | 
B, Studies in Celluiar Pharmacology. 





25 Factors Regulating the Control of Intrae 
cellular Water Metabolism. 


In the previous Annual Report, there was 
described the production of 3 types of blebs in ascites 
tumor cells when they were exposed to certain chemical 
agents. The form of these blebs were (1) acentric (2) 
symmetrical and (3) scallop (numerous smell blebs which 
border the cell). 


This stuéy has been extended toe include 
@1x additional mouse and one rat aseites tumors. The celis 
of all these tumors responded with the formation of one or 
eus.other of the 3 types of blebs, Gepending on the agent 
used, 


fhe chemicals capable of preducing celi 
blebs ail have the property of reacting with suihydryl 
groups. Such reaction is of 3 possible kinés: by sikylage 
tion, by oxidation or by mercaptide formation. 


It is ef interest that the majority ef 
chemicals producing blebs are these which form mercaptide- 
linkages, with a few exceptions: iecdeacetamide, an @ikylating 
agent preduced scallop blebs; hydregen peroxide, en oxidizing 
agent, produceg acentric bieba; end EMnOy, CuClo and pore 
phyrindine, also oxidizing agents, preduced symmetrical 
biebs, 


The capacity to produce blebs when acted 
on by certain chemical agents appears to be & general prepe 
erty of malignant ascites cells. To date, celis of 5 nermal 
tissues, exposed te appropriate agents, heave failed to react 
in this manner. 


Two implications may be drawn a& the present 
time : 


i, blebs are formed a6 a resuit of inhibie 


tion of suldryl-containing enzymes (ene of which is suceinice 
dehydrogenase) which is associated with a disturbance in 
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the water regulating capacity of the eell. 


2. there appear to be structural and funce 
tional differences between the cell membrane of malignant 
cells and (several) normal cells, which ere responsibie for 
their different behavior when exposed to blebbing agents. 


oy IX, Studies on Vital Staining with Neutral 
ed. 


This program, eoncerned with the aynthee 
sis and teating of new congeners of neutral red, hag been 
terminated. 


A manuscript, describing the preparation 
and properties of some 2,8-digubstituted phenazines used as 
intermediates plus 2 new vital stains related to neutral 
red, has been accepted for publication in the Journal of 
Organic Chemistry (see below). 


ITY. Evaluation of Vital Stains as Ingicaters 
of Celi Injury and Death. | 


Investigation as to the validity of 
yital stains as indicators of viability has continued. 


The behavior of several vital dyes, ane 
other dyes not generally considered as such, was chserved 
with motile protozoan cells as test objects (parsmecium, 
colpidium), Experiments were designed go that optimal cone= 
centrations of stain and texic agent allowed Geath with sufe 
ficient slowmess so that the behavior of the dye could 
readily be followed. 


Observations So date permit @ number of 
tentative conclusions: 


1. Vital stains mey vary considerably 
with regard to speed in indicating cellular damage, 1.@., 
eoSin penetrates faster than nigrogin, etc, 


2, The behavior of vital stains (like 


neutral red and erystal violet} which concentrate in the 
cell interior in localized areas appears to depend more 
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upon the condition of the lecalized stained area than 
upon the total physiological state cf the cell. This 
type of stain is comparatively aluggish in indicating 
cell damage. a 


3, Loss of the property of selective 
permeability to a dye appears to be @ more sensitive cri- 
terion and takes place rapidly to indicate ceil damage 
(eosin, trypan blue, brilliant vital red and fast green 
atain faster than neutral red). 


4. Some toxic agenta allow penetretion 
of certain stains (eosin, fast green) even though the cells 
are still motile and appear relatively undamaged. 


IVY. Studies with Human Malignant Cells in 
Tissue Culture. 


As part of the program concerned with the 
nature of cell damage by chemical agents, the effect of 
Suramin Sodium (epnurs de Sedium}) was studied on cultures 
of HeLa, D189, DIG4 ané D227. 

After exposure of these cultures to 
Suramin, 1 mg/ml. for 24-48 hours, the following changes 
were observed: 


1) Disruption of the early reticular 
pattern of growth. 


2) Fragmentation or "beading" of the 
eell membrane and cytoplasm. 


3) Retraction of cytoplasmic processes. 


4) A pepuletion of predominantly rounded 
eelis. 


Although ell the cell lines exhibited the 
above qualitative changes, the time required to evoke thete 
changes among them varied considerably, with Dede? shewing 
the greatest sensitivity. The various rates ef respense te 
Suremin and other chemical agents like hydrocortisone are 
being exploited to determine whether by this means 16 wiai 
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be possible to distinguish these 4 cell lines one from the 
otner, & most difficult thing to do on purely morphologic 
appearance, and a desirable objective. 


¥Y. Effect of Higher Plent Polysaccharides on 
Agseites Tumor Celis. 


As described previously, many pliant poly- 
saccharides will, when given I.P. to mice with ascites 
tumers, c@use swelling and vacuolization of the celis. 

The initial findings have been published (see below). 


Further experiments have indicated the 
inélapengable role of the host in eliciting this phenom- 
enon. 


; 1. Sarcoma S57 aseites cells were exposed 
in vitro to golden rod polysaceharide for one hour, then 
washed 3 times in balanced salt solution and injected I.?. 
into normal mice. Marked cell vacuolization was evident 
in less than 20 hours. . 


2. Normal mice were injected I.?. with 
goiden rod polysaccharide, Arter intervals of 30 mimites 
to 72 hours after such administration, the mice were ine 

ected I.P, with sarcoma 37 ascites cells, and beginning 

hours later, cell samples were examined. VYacuolieation 
was evident when the celis were inoculated 1 hour after 
polysaccharide injection; inereased up toe intervals of 
36 hours after polysaccharide injection (depending on the 
dose) and then fell sharply after this period. 


3. Mice carrying sarcoma 37 ascites 
tumor were injected I.P. with golden rod polysaccharide, 
At varying time intervals, 1.@., from 1 to 7 hours after 
polysaccharide injection, the cells were removed, washed 
3 times with balanced salt solution, and then transferred 
to new, normal hosts. These celis were then exauined for 
the next 96 hours. 


This experiment dieciosed that celis exe 


pesed in vivo to polysaccharide for as brief a perio’ as 
90 minutes, and then transferred to a new, non-treated host 
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would go on to produce a good vacuolization effect in 
24eh8 hours. 


A number of implications folicw from 
these experiments: 


1. The polysaccharide is adsorbed on 
the cell surface, when the cell is in contact with it. 


2. Tne cells need not come into prior 
contact with the polysaccharide in order to produce 
vacuolization. 


3. When normal hosts are injected with 
polysaccharide, they are ‘stimulated’ in some fashion and 
ean induce vacuolization in cells transplented I.P. as 
long as 36 hours later, when presumably little or no poly- 
saccharide remains 988 such. 


4, fhe participation of the hest isa ine 
dispensable to the induction of cell vacuolization and 
awelling. 


Experiments are in progress to determine 
whether the host produces antibedies in response te polye- 
saccharide administration in a manner similar to that 
established for the polysaccharides of Gram-negative 
bacteria, and whether such a substance reacts with the 
polysaccharide at the cell surface (see 1, above). Alse 
to Getermine more closely which organ system of the host 
participates in this phenomenon. 


It may be conjectureg that these vacucles 
arige from vacuoles already present in the cell, or de novo 
from celluler structures which might give rise to them, 
sueh as the endoplesmic reticulum. 


Preliminary stuciez with the electron 
floneacone (with Dr, Dalton) indicate that these vacuoles 
arise from preeexisting vacuoles, some of which surround 
the virus particles known to be present in this tumor, 
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VI. Electron Inactivation of Plant Polysaccharide. 


Polysaccharide, obtained from goiden rod 
flower, was exposed in vacuo to 7 K.V. electrons, emitted 
by a hot tungsten filament end pecet a ove by @ grid arrenge- 
ment. gposures ranzed from 9 x 10° electrons/cm= to 
50 +1 electrons/em®. Control samples ef polysaccharide 
were similarly handied but not rediated. (These proceedures. 
were carried out by Dr. Preiga). Both treated and. untreated 
polyssecharide was injected I.P. into mice with 3-day 
sarcoma 37 ascites; and cells were examined every day for 


4 days. 


fhe polysaccharide controls always exe 
hibited typical cell vacuolizgation. The treated sampies, 
however, displayed progressive inactivation with increasing 
dose, from 46% inhibition of the vacuclization phenomenon 
at the lowest electron exposure, to 98% inhibition at the 
highest. 


It has been calculsted, thet the degree 
of inhibition of zolden rod polysaccharide by the electron 
source employed approximates the expression from the target 
theory of single hit inactivation, the formuia for whieh is 
As do e 7OV 
where A = residual biological activity after 

irradiation 


Ao = biclogical setivity of controls 
D = dose expressed a8 ionizations/ec 
Vie ise the epparent target volume. 


It was found that 2% takes about 16 tines 
as many electrons to attenuate the activity of the golden 
rod polymer by a given percent as it does to attenuate the 
sucrose hydrolyzing activity of invertase to the same Ge- 
gree. Since the material densities are about the game, the 
moleculer weizht of the active moiety of goiden rec poly 


saccharide mist be of the order of 7500, 
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Comparison molecular weights obtained 
by this electron beam technique for the enzymes invertase 
and ribonuclease are 110,000 and 15,000; whereas values 
for the seme substances obtained by conventional methods 
are 120,000 and 13,500, respectively. 

Siz 


nificance to the Program of the Cancer Institute: 





These studies are designed to obtain basic infore 
mation concerning (a) possible differences between normal 
and malignant cells, (b) the mechanisms by which necrotize 
ing compounds produce cellular damage and (c) to correlate 
at the cellular level the pharmacologic action of drugs 
with the structural and functional responses of cells in 
relation te treatment. Such information is sorely needed 
to afford a better understanding ef drug action, and to 
aid in the development of newer and better éruga for the 
use of investigators working in clinical chemotherapy. 


Proposed Course of Project: 


Most phases of this project will be continued, 
with emphasis on (1) investisgetion of the factors regulate 
ing water metabolism in the celi, ie the nature of csll 
Gamage due to chemical agents and (3) the develepment of 
improved tools with which to recognize such damage. 


Part B included == Yes 


T48 


Nive foo spats 
ny 


AUIS el 

: ony 

CMa ue 
{rhe Oren yh fh 


Sandie tas 


Miah 
ae t, 
ui 


, be 


Ay ne 
ance Ns f 
a 


yey 


ee i 


aH we 


hie ie 
inhale ‘n Ayes 
(on; ANT 


1 
my iit 


a ane 


sbi th vy fy Se) , i ny A 
Tih nti Nav ay 


¥ ne 


aint 


US 


‘ My) 
Nth Wan 
qa ny 


haath 
Aa) MH 


i 


iM ph 


Ar A 
Ae, ny ie a 5 ny 
i ne a th nyt NY, 

l 


ia 
Pua 


ry Tay 
fet AST ATA Nee 7 neki Me 
Me nish Na i i 
ear erin Aen 
1 i ey Mo 5 nba 
IITA Dr tein saa DT rein ese Iba 


eat 
re fia 


on 
TH rn 


ue 


‘ ut { ‘4 eM i Vette 
Hii ng Beta A p Mie yg i nih 


ry ‘ } aT 
} i hi D Hy 7 
Ye 
a 


AeA 
ATA 
¥ 4 My 
ORG 
on An ih 


i, 
sina 
NY Wie il Ni 
PN H } ap as 
ik i POA Ht mh Al ay LANG Bist 


nile hie ay Ava 





y i 


Sitesi ai 
rae) 
1h 


Serial No. NCL-252 
Page 10 


PHS-NIH 


Individual Project Report 
Calendar Year 1959 


Part 83. Honors, Awards, ang Publications 





Publications other than abstracts from this project: 


(1) Leighton, J., Kalla, R. L., Kline, I., and 
Belkin, M.: Pathogenesis of Tumor Invasion I. Intere 
action between Normei Tissues and “Transfermed" Cells in 
eee ae Tissue Culture, Cancer Research 19: 2327 

1959). 


(2) Lavie, D., Willner, D., Belkin, M., and Hardy, 
We G.: New Compounds from Plants with Anti-Tumor Activity. 
Acta XV bis: 177-181 (1959). 


(3) Belkin, M., Hardy, W. G., Perrault, A., and Sato, 
H.: Swelling and Vacuolization Induced in Aseites Tumer 
Celis by Polygacchariées from Higher Plants. Cancer Ree 
search 19: 1050-1062 (1959). 


{4) Vivian, D. L., Hogart, R. H., and Belkin, M.: 
Phenazine Syntheses. X. 2,8-Disubstituted Phenagines Bede 
as Intermediates for New Vital Stains, together with Two 
New Vitel Stains Related to Neutral Red. J. of Ovganie 
Chemistry, In Press. — 


Honors and Awards relsting to this project: None 
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Projest Titles Biophysical study ef macromolecular interaction in 
the inhibition of enzymes and other biclogically-active macromolecules. 


Principal Investigstor: P. T. Mora 









Other Investigators P, Maury, E. Merler, J. W. Preiss, 


3, %. Wood, B. G. Young, and M. J, Shear. 


Cooperating Units: NCI, Laboratory of Chemical Pharmacology, 
Polysaccharide Sestion, Serial Ne. 281. 





Dr, W. R. Carreliand Dr. H, A. Saroff, Section on Physical 
Bicechemistry, Laboratory of Physical Biclogy, NIAMD, Serial Na, 
NEA MD-108, 


Dr. H. Cohen, Princeton Laboratories, Inc., Princeton, 
New Jersey. 


Professer R, Wolff, Faculty of Medicine, Universit 
France@. 
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Objectives: The objective of the program of the Maerac 
molecular Chemistry Section was twofold: 


1) The fendamental study of interaction of oppositely= 
eharged mseromokecules; 


2 Biophysical application of knowledge thus gained 
im enzyme inhibition, blecking of toxicity of certain macromolesuies, 
inhibiting phage multiplication, ete. 


Methods Employe 2 


The methods were selected as needed, from the Melds 
of polymer and synthetic organic chemistry; polymerization metheds, 
preparation of substituted derivatives, ete. 3 from physical chemistry: 
viscometry, polyelectrolyte titration, apeetrophetemetry, cic., and 
from macromolecular chemistry: wltracentrifugation, elestrepheresis, 
chromatography, ete.; and the data were correlated with resulis irom 
various enzyme assays, phage assays, toxicity determination, tumor 
necrosis and fever producticn in animals, etc. 


Major Findings: 


I, Enzyme inhibition: The electrestatic foreas in 
the interactions of numerous enzymes and theis substrates were 
studied, The activities of enzymes were blocked with aynthetic 
charged macromeleculer inhibitors which had similar but higker 
eharge than the substrate, Under these conditions the enzymes were 
directed to interact with the inhibiters and formed am inactive compicx. 
However, the enzymic activity was completely recovered when the 
complex was disseciated by adding a second macromolecule which ha 


a 


2. 


d 

a strong and opposite charge to the inhibiter macromolecule, The im 
hibitor was thus remeved from the complex and the emzyme was 26 
free to approach the substrate. 
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In these studies if was our plan to learn about the 
forces which bring the enzyme and the substrate tegether, by 
competing with and overcoming these ferces with the latroduction 
of a third, synthetic component. The enzyme inhibitors were pre= 
pared by adding charged groups such as sulfate or carboxyl groups 
to the synthetic polysaccharides. The synthetic polysaccharide 
derivatives can be prepared with great variety in size, structure, 
charge, etc. With their help we intended to learm semeihing about 
the nature and the strength of forces which exist between enzymes 
and substrates in the early stages of interaction, These forces 
appear to be generai, and in the numerous enzyme systems we have 
studied we always could achieve inhibition ef the enzyme aciivity if 
we chose for blocking a synthetic substance which had an oppoaite 
charge te the net charge of the enzyme. This mechanism is most 
cbvious where the substrate is also a macromolecule or when the 
substrate has a definite charge. A large nember of enzyme sube 
strate interactions fall under these definiticns. 


The system we studied most in detail was ribonuclease 
(RNase) and ribonucieic acid (RNA), We chose this system because 
the structure of the RNase is completely known, With smail amounts 
ef the synthetic anionic (negatively-charged) polyszacekaride deriva- 
tives, such as polyglucese sulfate, we could completely inhibit the 
RNase, which is a cationic or positively-charged protein at the pH 
where it has the highest activity on the RNA, which is a negatively- 
charged macromoleeule, We stadied which type of polygiucsse sulfate 
is the most effective in inhibiting the RNase and we foumd that the mest 
important factor is the degree of sulfation, that is the charge denealty. 
i? the degree of sulfation on the polyglucose sulfate was $ per eshydros 
glucese unit, which is the maximum possible, this preparation imhibe 
ited RNase more than a thousamd times more powerfuliy than the 
hitherto known best inhibitor (heparin), amd several times better tian 
less substituted polygiucese sulfates with 1 or 0.6 sulintes per raliye 
drogiucose units. 


Similar quantitative studies were dome comparing imhibe 


itory potency with charge density, using several polygiuceoss carboxy! 
derivatives. in this case too the charge denaity was found tc be the 
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most impertant macremolecviar parameter, Similar results were 
obtained with other enzyme systems. Therefore it appears that 
the most important force in the early stages of interaction between 
these enzymes and the substrates is probably electrostatic. It is_ 
known that only electrestatic forces can extend beyond about 5 A 
between interacting macromolecules, therefore it fe not surprising 
that these forces are cperative in bringing together the enzyme and 
the substrate, 


The molecular weight of the inhibiting eubstamces wes 
found to be of less importance, except that it was always necessary 
to have a macromolecular substance with a molecular weight of at 
least 2,000 to obtain inhibition, The structure was of even less 
importance, Im all of these experiments the inhibiting aynthetic poly- 
saceharides were compact, spherical macromolecules, This aliowed 
& study of the macromolecular interaction om a three dimensional 
basis which cannot be done with Mnear macromolecules; and this 
approach is opening up the possibility of determining the size of the 
active aite of enzymes. 


The RNase activity was inhibited also on the email 
substrate molecules cyclic uridylic and cytidylic 3-5 phosphates. 


Another enzyme system which was studied in some 
detail was the action of lysozyme on the cell wall of Micrococcus 
lysodeikticus. We determined the amount of polyglucese sulfate 
necessary to obtain quantitative inhibition, and found it to be approxi= 
mately equal to the amount of the lysozyme, which has about the 
same molecular weight as the inhibitor. 


Other cationic enzymes which were inhibited by the 
synthetic anionic polysaccharide derivatives were hyaluronidase, 
DNase, trypsin, chymotrypsin, cytochrome-c oxidase, etc, The 
work on trypsin and chymotrypsin inhibition was dene jointly with 
Dr. BH. Cohen of Princeton Laboratories. 
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To study these phenomena, and to learn more about 
the fundamental nature of enzyme substrate interaction, physical 
chemical studies were carried out on the interaction of twe opposiielye 
charged macromolecules, Titration of polycations with polyaniens 
was found to follow stoichiometric eguivaience, The interaction of 
such macromolecules was different however, from the interaction of 
low molecular weight fons, since a firm electrostatic complex was 
formed which under certain conditicas such ag et higher eoncentrac 
tion led to precipitation of the macromolecular components. This 
phenomenon (precipitation) can be used to fractionate macromolecular 
components; and this principle was applied in the fractionation of a 
bleod component, deacribed later. 


Im the study of enzyme substrate interaction, the 
lightescattering method was also employed én the carly part of the 
year by Dr. J. W. Preiss, Dr. Preiss, however, became more 
interested in applying his electran-bombardment method to bic} logical — 
problems, and after constructing a low energy electron gum, he etudied 
the destruction of tumor necrotizing activity of the endotexic polysace 
charide from 5. marcescens, He aise applied the electren-bembarde 
ment technique to enzymes. Dr. Freiss plana to continue his experi= 
ments and interest in electron-bombardmenit techniques im another 
Institute, 


Hi, Blocking of texicliy of cationic macromolecules. 


Pelymyxin, neomyciz, streptomycin or protemine, 
in doses which cause the death of mice within 25 to <0 ce ean 
be counteracted Wf a neutralizing equivalent of anionic s yout ga polye 
seaecharide derivative is administered by the same intraperitoneal 
route 10 minutes after the injection of the toxie dose of the ¢ SELES 


antibiotics; the moribund mfiee recovered rapidly and in a few mint 
appeared to be normal, This was a rapid and drastic reversion Bt 
toxic symptoms. Our findings were reported in a lead articie in 


“Watere", Lf two minutes prior te the ap pleat gon af fee eationie 
macromo. lecules polygiueose sulfate was applied at a site far ir 
the peritoneal cavity, (under the skin of the 5 oe a}, there was & 

toxic effect from the lethal dose of the antibiotics. Since such rapid 
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dissemination of the pelygiucese sulfate into the peritoneal cavity is 
unlikely under these conditions, it is possible that the polygiucose 
sulfate stimulated the release of anionic pelyzaccharides from ene 
dogenous sources, We studied the efficiency of the different poly=- 
glucose sulfate derivatives in detoxification, and we found again 

that the most highly charged derivatives were by far the most active. 
There was a direct correlation between the ability to counteract the 
toxicity of cationic macromolecules and the charge density of the 
anionic macromolecules, Similar results were obtained with the 
polyglucose carboxy! derivatives. 


DI. Application of macromolecular interaction to 
the bacterial polysaccharide from S, marcescens. 


The tumorenecrotizing activity of the negativelye 
charged polysaccharide complez preparation (Let No, Pe25) was 
reduced by RNase, by protamine or by cther macrecations. However, 
when lysozyme was applied, we found unexpectedly that there was a 
significant increase in the tumor necrotizing property of the Po25, 
while at the same time it appeared thet the fever producing activity 
was reduced, Current research is under way to study this interace 
tion between P-25 and lysozyme and to separate, if possible, the 
fever producing unit of the P-25 from the tumor necrotizing portion 
Ultracentrifugation experiments were carried out jointly with Dr. 
W. Carroll of NIAMD, using a new fractionation method, employing 
an analytical cell with a moving platform. 


iV. Ishibsition of phage T2Z. 


Recently it was found by other investigators that 
the tail of the T2 bacteriophage, which attaches to the E. coli cell 
wall, contains a positive protein similar to lysozyme, and that the 
attachment happens as though electrostatic forces aci betweea the 
positive tail of the phage and megative areas on the cell du Ising the 
early part of the interaction. We tried to see Y this electros 
interaction could be prevented by blocking the positive tail pr 
with negative synthetic polysaccharide derivatives. We found 
gapon short incubation at the pH of 4.8, pelygiucose sulfuric ac 
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¢ 
tae) 


{or polyglucese carboxyl derivative at somewhat higher dezes} eome 
pletely inhibited the T2 phage, while sulfuric acid at the same pH. 
did not reduce the viability of the phage. After these incubation 
eteps, the mixture containing the anionie macromolecele and the phage 
wag diluted a thousand fold and plated under norms! cenditiens. At 
the lower pH of 4.2, sulfaric acid partially reduced the viability of 
the phage, but the effect was reversible by additional incubatson at 
& higher pH before plating. The inbibitery action of polyglucese 
sulfuric acid was not reversible, These studies show that charged 
macromolecules have a special rele in phage inhibition and demene 
strate the inhibition of viruses by the introduction of a synthetic 
material which has a higher charge density than the receptor, and 
thus either denatures the virus or causes the virus to preferentially 
attach to the inhibiter. 


During the course of our etudies other polyglusose derivatives 
were also employed, and we inadvertently found one other type of 
effective inhibitor to T2 phage. At pHi 9.8, molecules with twe ale 
dehyde groups were found to be effective inhibitors, and both large 
and small moleeules caused equally geod inhibition: therefore this 
Was not a macromolecular inhibition, The aldehydes employed were 
glucose dialdehyde or polygiucose dialdehyde. 


The T2 phage was selected for fahibition since this phage is 
one of the most studied viruses, and since it is easy te de quantitative 
work with this system. These experiments were done in preperation 
for extension of such inhibition studies to animal viruses. 


The above experimental work, reproted in sections i-IV was 
carried out in cellaboration with B. G. Young. 


V. Synthetic Polysaccharides. 


Im the ecurse of preparation of negatively charged 
polyglseose derivatives a series of polyglucose carboxy! derivatives 
was prepared with different amounts of carboxyl groups per monomeric 
unit (P. Maury}, As already mentioned, these products were used te 
study the charge dependence of RNase and T2 phage inhibition. Also, 
these preparations were found to enhance ACTH activity. This latter 
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work was dene in colisboration with Dr. H, Cokes, Princeton 
Laboratories, The carboxyl derivatives are leas toxic than the 
polygiucose sulfates which are strong anti-coagulants. The 
carboxyl derivatives are non-toxic ip. at 10 mg. per mousse, Pref. 
R. Wolff of the University ef Nancy found that the Mpemia-sclearing 
activity of the fully substituted polyglucose sulfate is several times 
higher than that of heparin, We are currently engaged with Prof, 
Wolf in a collaborative attempt to synthesize a polygiucese derivac 
tive substituted with negative greups which will have high Mpemiac 
clearing activity and no anti-ceagulant or cther toxic side activity. 


The different anionic polyglucose derivatives 
were much in demand; more than two dozen university investigators 
requested samples, several of them for research applications in 
immunology and in enzymolegy. 


The rest of the synthetic program, which is carried 
owt with J. W. Wood, else inciuded preparation of positively charge 
synthetic polysaccharide derivatives. These cationic polygincsse — 
derivatives are going tc be used to study the inhibition of biciogically 
active anionic macromolecules. Preliminary work showed that they 
are similarly effective in imhibiting enzymes with act ncgative charge, 
and they can also serve ss precipitating and fractionating agents of 
antonie macromolecules, 


The synthetic method of preparing polysaccharides 
from monosaccharide by chemical pelycondensaticn procedure was 
extended to numerous other sugars. High molectlar weight pelymers 
of 2-deexzy-gluccse, ribose, rhammose, galactese, maltose, mannose 
arabinose, etc. were obtained im goed yield, 


The synthetic program on phenasine chemistry was 
terminated upon the disability retirement of Dr. D.L, Vivian, 


VE, Chemical studies on the polysaccharide complex from 
S. marcesesns. 


The large seale new polysaccharide preparation 
of Mr. 1. Perrault designated Lot No. P-45 was studied by 
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Dr, E. Merler. He found that the preparation is homogenous elece 
trophoretically but contains two components which sediment at 
different rates in the ultracentrifuge. The heavier component appears 
to be an aggregate of a Mghter component with a few hundred thousand 
molecular weight, The P-45 is a strongly negative macromolecule, 
similar to P-25., Titration of the negative groupe, in collaboration 
with Dp. H. Saroff of NIAMD, showed that the pk_ of the negatively 
eharged groups is about 2.7, and it is most Mkely to come from a 
carboxyl of the muramic acid type. There wes only 2 very small 
amount of amino acid associated with the P-45 preperation, The 
great bulk of the polysaccharide is a polymer of glucose, with 0, 3% 
phosphorus attached te it in some organieally-bound form. 


ViL Search for endotexie polysaccharide complexe 
from mammalan sources, 


Der. H. Martin of the University of Frankfurt, 
reported obtaining pyrogenic preparations from human bieod come 
ponents such as from red cell stroma uncer sterile conditions, 
using a strong phenol extraction. However, Or. Merler did not 
obtain pyrogenic material by this method. Ur. Mora, while in Europe 
to attend am international macromolecular symposium, visited Dr, 
Martin’s laboratory, and together with Dr. Martin prepared a 
product from stroma, and eurrently we are attempting tc reproduce 
the Martin method im our laboratory. 





VMI. Fractionation of blood for a component which 


neutralizes endotoxic activ ny. (EDC). 


After the findings in the Polysaccharide Section und 
Dr, Landy, that human serum contains a component which imactivete 

the endotoxic product from bacteria, we (Mora, Young) attempted to 
feactionate further this factor in collaboration with Dr. Landy's group. 
In our fractionation scheme a selective precipitation with rolygincese 
sulfate was used, Upon precipitation in a marrow pH range and upon 
re-solution of the preeipitate, most of the activity was recovered in 

a small fraction of the serum, Such fractionation experiments were 
temporarily suspended but it is planned to start this work again in 
eollaboration with the Polysaccharide Section. 
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Significance to Biomedical Research and to the Program 
of the Institete : 


The enzyme blocking studies are designed to elucidate 
the general ferces which initiate the enzyme-substrate interaction 
and which probably orient the enzymes" approach te the suvstrates 
so that complementary sites meet, with a very high percentage of 
effective collisions, Such studies are also informative with regard 
to the nature of the active centers of the enzymes, These furndac 
memtal studies can have practical consequences im selectively im 
hibiting certain enzymic activities. 


The blocking of tomleity of macromelecelar substances 
by analogous electrostatic interaction with oppositely charged 
macromolecules may be useful in pharmacology. 


These studies of macromolecular interactions which blesk 
biological activities have importance im relation to the mature and 
mechanism of non-specific resistance, a subject on the program of 
this Laboratory and especially of the Polysaccharide Secticn, The 
fundamental work on macromolecular interaction may increase our 
knowledge in the above fields and stimulate future work om Rome 
specific resistance factors, and generally on immunological factors 
in camcer research, 


é The extension of macromolecular interaction to precipitae 
tion and thus fractionation of biological entities represents a new 
method of separating delicate tiological macremolecules under 
conditions where the activity is easily lost. 


The phage studies give us information on the nature of 
the forces initiating attachment, Such forces might be similar in 
animal viruses. These studies are dene in preparatien to apply 
sech information to the possible blocking of tumor viruse2. 
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The fundamental studies on macromolecular im- 
teraction and the biophysical applications will be continued, Virus 
and enzyme inhibition wil} be further studied. Application of virus 
blocking will be attempted on some tumor virus. The macro- 
molecular interactions related to the blocking of biological factors 
associated with non-specifie resistance will be continued also and 
extended in collaboration with the Polysaccharide Section aad 
under the direction of the Chief of this Laboratery. Also irace 
tionation by macromolecular complexing and by other methods 
will be carried out for separation of blood factors participating 
im mom-specifie resistance, 
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Publications ether than abstracts {oom this projects 


(1} Mora, P. t. and Young, B. G.3: Reversible Inhibition 
of Enzymes by Interaction with Synthetic Polysaccharide Macreanions, 
Archives Biochem. Biophys. 82, $=20 (1959). 


_. (2) Mora, P. T., Young, B. G. amd Shear, M. J.: 
Reduction of Toxicity of Cationic Macromolecules by Complexing with 
Anionic Derivatives of Synthetic Polygiucoses. Nature, 184, 431-432, 
‘ (1858), 


(3) Mora, P, T. Merler, E. and Maury, P.: Symthetic 
Polysaccharides, IV. Preparation of Carboxyl Derivatives cf Poly= 
glucose: J. Am. Cher, Soc. 81, 5449-5451 (1859), 


(4) Mora, P, T., cheat. M, 3.3 Reversible Inhibitian of 
Macromolecules (Enzymes,. ete.} by Electrostatic Interaction with 
Deri vatives of Synthetic Polysaccharides, Internationale Union fur 
Reine and Angewandte Chemie, Kommission flr Maeromeleciile, 
Symposium iber Makromelekille in Wiesbaden, Macromoleculare 
Naturstoffe und Modelle. Vortrage V C3. Verlag Chemie, GmbH, 

W einheim, (2859), j 


(5) Mora, P. T., Weed, J. W. sad McFarland, V. Wo: 
Synthetic Polysaccharides. V. Polymerization of Various Aldoses. 
J. am, Chem. Sec. im press. (1990). 
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Honors and Awardg relating to this projects 


P, T. Morag a) Nominated to the NCI Specialty 
Fellowship Boards  ) Invited by the Commission on Macro- 
molecules, International Union of Pure and Applied Chemistry to 
perticipate in a Symposium at Wiesbaden, Germany, and to 
present cur work on enzyme inhibition; c¢) Invited to give seminars 
at the Medical School, Yale University; Institute for Macromolecular 
Chemistry, University of Freiburg, Germany; C.N.R.S. Center for 
Macromoleeuler Research, University of Strasbourg, France; and 
Department of Biochemistry, University of Oxferd, Eagland; d) 
Javited to organize a symposium as Chairman on Polysaccharide 
Syathesis for the 138th National Meeting of the American Chemical 
Society, New York, 1980, 
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Serial No, Nele2k 


a. Lab, ohesaeanl Pharmacology 


2. Polysaccharide Sc ection 
3, Bethesde 14, Maryland 


PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Part A. 


eroises Title: The role of polysaccharide complexes in 
resistance of the host to injurious influences. 


Principal Investigator: M. Landy 


Other Investigators: W. Keene, d. G Michael, ¥, 8. Rosen, 
R=J, Trapani and HM J. Shear, 





aa eae Cytochemistry Section, Lab, Biochenis- 
NCI No. NCI-334, Biochemistry Branch, Armed 
Roncea Institute of Pathology, WRAMC. Rocky Mountain 
Laboratory, NIAID. Immunological Research Laboratory. 
State Bacteriological Institute, Steckholm, Sweden. 


Men Years (Calendar Year 1959): Patient Days: 





Gotal =. 61/2 
Proféssional 3 1/2 None 
Other 3 


Project Description: 
Odjectives: 


To obtain information on humoral end cellular 
factors in the host which contribute to natural resiste 
ance to infection and to neoplasia, and the mechanisms 
by which these factors are influenced by polysaccharide 
complexes, 
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310 emical fieminsvostcal, microbiological, and 
physiological, modified as required to meet the specifie 
needs of particular preblems, 


HeJer ee 
ere hes been eontinueé interest in the extent 


to which the lipid and the polysaccharide moleties of bace 
terial endotoxins acecunt for the characteriatic hest rea- 
sponses elicited by these complexes, A number of reports 
have appeared in support of the view that the endotoxic 
properties of these substances is atéributebie exclusiveiy 
to their content of firmly bound lipid (lipid A). ‘This 
issue has been investigated in collaboration with Dr. 
Edgar Ribi of the Recky Mountain Laboratory, NIAID, br. 
Ribi has developed methods for obtaining endotoxins of 

low lipid centent from Saimonella enteritidis by extrace- 
tion with water saturated with ethyl ether. Still more of 
the remaining bound lipid could be removed by nonehydrolytic 
procedures, Endotoxin thus prepared contained only 1.2% of 
bound lipid in eontrast to a lipid content of 19.2% in a 
product prepered by the traditional Boivan procedure, 1.5 
extraction of bacilli with trichloroacetic acig and phenol, 
Both products were extremely potent endotoxins, There was 
no Significant difference in their potency as regards the 
following: in rabbits —= capacity to prepare for the dere 
mal Shwartzman reaction; pyrogenicity; and lethality; in 
mice == induction of hemorrhagic necrosis in sarcomas; 

and lethality. It is thus evident that a large prepertion 
of bound lipid can be removed from bacterial endotoxin 
without significant reduetion in its biclogie activities. 


2, The effect of endotoxic polysaccharides on 
tumor glycolysis was investigated in collaboration with 
Dr. BM. W. Woods, Laboratory of Biochemlatry, NCI. Endce 
toxins in concentrations of 0.003 to 0.3 parts per miilion 
effected a several-fold stimulation of serobic acid formas 
tion from glucose by the $91 mouse melanoma, Anaerobic 
glycolysis was increased to a lesser extent. The degree cf 
stimulation obtained with a series of endotoxin preparge 
tions derived from different sources by various iso.etion 
procedures paralleled their potency in eliciting typical 
endotoxic phenomena in yivo. The findings indicated that 
the properties required for elicitation of reactions in 
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the host by these macromolecular materials may be the same 
as those involved in affecting glycolysis in vitro. 


3. Studies on an sndotoxin-detoxifying agent 
(EDC) in animal tissues were continued in collaboration 
with Dr, Waravdekar, Head of the Biochemistry Branch at 
the Armed Forces Institute of Pathology. Ineubation 
in vitro of thin slices of rabbit liver, kidney or spieen 
with Serr. marcescens endotoxin produced no aignificent 
change in the tumor-camaging potency of thig polysaccharide. 
However, #0%¢ homogenates of these organs altered this endo- 
toxin so that it no longer elicited hemorrhagiconecrosia 
in Sarcoma 37. Experimental work was thereafter reatricted 
to rabbit liver which was freed of blood by thorough pere 
fusion. Liver homogenates were fractionated by standard 
cytochemical and centrifugal proceedures and it was found 
that neither nuclei nor mitochondria possessed endotoxine 
detoxifying activity. The supernatant which remained was 
active; but this activity was lest when the micrmdones 
were removed. However, combination of microsomes and 
supernatant restored endotoxin-inactivating potency, Pre=- 
liminary experiments on the experimental conditions of 
test which influence the inactivation of endotoxin by this 
tissue preparation indicate that it may be different from 
the EDC in blood, 


4, An investigation was begun of the effects of 
Selected carcinogens on natural immnity of the mouse. It 
has been demonstrated by other investigators that large 
doses of selected carcinogens (methylcholanthrene, benzce@ 
pyrene, and others) produce marked depletion of host 
lymphoid tissue. In addition, there is suppression of 
bone marrow activity and hemorrhegie necrosis of the amail 
intestine in mice receiving large doses cf carcinogens, 
Because the tissue demage produced by carcinogens re=- 
gembles the tissue destruction that resuits from total 
body irradiation, it seems reasonable to assume that the 
tissue damage produced by carcinogens likewise is 
associated with profound aiterations in host resistence, 
It is also likely that these alterationg in host resiate- 
ance would play a significant part in the pathogenesis 
of tumors resulting from these carcinogens, 
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Our work thus far hag been primarily concerned with 
determining the toxicity of methylcholanthrene for the 
CAF, mouse. The observations of others haye been confirme- 
ed and it has been determined that 0.1 gm/kg. of methyl- 
cholanthrene is sufficient to produce maximim tissue damage 
without lethality. In addition, it has been found that 
the hematocrit and the clearance by the R.E.S. of a atand- 
ard dose of colloidal carbon injected i.v. are the most 
sensitive indicaters of lymphoid and bone marrow depletion. 


5. In last year’s annual report we deseribed the 
characteristics of a substance in serum designated EDC 
(endotoxin detoxifying component) and the experimental 
conditions under which it altered isolated endotoxina 
an vitro so that they no longer were capable of elicite 
ing enactoxic or antigenic respongea in the mammalian 
host. These studies have been extended to ascertain 
whether endotoxin in ite native state on the bacterial 
surface was likewlse susceptibie to inactivation by sn 
agent with the distinctive features of EDC, ‘Two charac@- 
teristic attributes of the endotoxin of intact Salmoneila 
typhosa, the inéuction of hemorrhagic necrosis In Sarécma 
i and the stimulation of specific antibody formation in 
rabbits were the test situationg empleyed to measure 
changes in the endotoxin of typhoid bacilli following 
interaction in vitro with serum. The endotexic and entig 
genic activities of typhoid bacilli killed by heat or by 
chemical treatment were abolished by EDC, the same agent 
previously shown to inactivate igolated endotoxin. In 
contrast, the endotexic and antigenic activities of viable 
bacilli were unaffected by EDC; they were, however, 
eliminated by a different system in fresh serum. This 
dnactivation, of the endotexic properties ef viable tye 
phoid bacilli, by the sera of various animal species was 
found to parallel their bactericidal activity for S. 
typhosa. It was shown that the same components in serum 
were required for both effects, viz., normal antibody, 
all four of the recognized components of complement and 
divalent cations. erum rendereé deficient in any one 
of these six constituents cf the system no longer was 
capable of eliminating endotoxic potency or exerting the 
bactericidal effect. The quantities of serum required, 
ang the kinetics of the interaction in vitro and in 
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certain in vivo Situations, were strikingly similar for 
both effects, attesting to the intimate association of 
these changes effected in the bacilli by serum. These 
changes appear to be simultaneous events; it has not 

been possible to effect a separation of the killing of 
the bacilli by serum from the loss of their toxic and 
antigenic preperties, However, the essentiality or ine 
evitability of these changes for the bactericidal process 
itself remains to be determined. Which of the two humore 
al systems in normel serum inactivates the endotoxin of 
typhoid bacilli depends on whether the organisms are 
viable cr not. The concomitant elimination of endotexic 
attributes of typheid bacilli in the bactericidal process 
ef normal serum has obvious important iwplications for 
the host-parasite relationship. 





6 The plagma of febrile rabbits that have been 
treated with bacterial lipopelysaccharides has been ree 
ported to contain "“endogeneus pyrogen", ea substance with 
fever producing capabilities quite different from those 
of the originally injected polysaccharide, This led to 
the hypothesis that endogenous pyrogen is a product of 
tissue injury produced by the injected bacterial endo= 
toxin, However, an equally plausible hypothesaia which 
we are exploring is that endogenous pyrogen is the ine 
jected endotoxin which has been altered by the host cells 
and plasma. Reduction of the pyrogenicity of endotoxin 
following incubation in vitro with normal human serum was 
first reported several years azo. Studies in this 
Laboratory have since demonstrated that detoxification 
of endotoxin by human plasma is not limited to pyre- 
genicity and that alterations in other biologic propere 
ties of endotoxin are equally impressive, These ohbser- 
vations lend strong support to the contention that en= 
dotexin can be profoundly altered by the host's plasma 
and that endogenous pyrosen may, indeed, be aitered 
endotoxin, 


Experiments were designed to atudy in detail 
the pyrogenic properties of endotoxin that had been ale 
tered in vitro by incubation vith human plasms. The 
following preliminary data are available: 1) Altered 
endotoxin produces fever in endotoxin-tolerant animals; 


TET 


wy ? 
Oat Rain 
Frente nals 
Dicoel aa 


haa 
{ 


Pay 
Be kana 
Rie an Bil RUMI 
Ny anata eka 
A Ah ve 
Pp a 
ag ‘Oy 
Ree! 


RO) ana 


aha i a ue 


Hi) a if 
DN 


ae ie 
iy 


a i 


NG 
Han 


ya 
iy 


0 ) ie i Dy pre HP Ay 
ete a a Bh) 


i Ran) 

: Th 

Wx 4 \ 

wAK 
i } 
Nye ¥ 
h CN Ni bs Mal es ; ay Hy ere at 
WN Sp ; 9 
i Mi etl Thy ohh 4 L Rares yen 


P i 
FRAN why 
iy 
iy ii Noa 
Hy Nv ty) ee Wh 
ea 
a ! eal 


rand 
i ns 


Await 
anes ; 


Aa OUI i Nie Hess Ha Da 
ir eh i i 


ties rn 


i ahi aN 
pA hy i hy 
Ni pen Wp 


; HI ie OR act ice + 
ee ui) i ‘ Ks NNO a HL Mera at £7) ial Nn a ine se Paes 
Te H 
i VEN ail : ay 
4) al i Leer vii He AAG NEE Wan 
Ont 6 oy ie oY LtuAs 
i 4 
UCLA i i a 
VSAM Ais 
MA sid ei uit 
OR iy 


Kip 
ny se : 


Mea ‘ th Nas SG MPAKAe TN Ries 
ey ann vin edeutil 134 j i 
a6 yy :. uh iM nn ao, Pete AA or 
; ay AA ae Ht ca 
ie wy ¥ A i ; , \ 
Cay Aneel 
iach ANA ng) 
ST mY, : 
vith a i) whe wit 
K I, 


ase 


eo) Hy it { 


oa 


hey NN 


th 
» ih Wumiten 
aN ty 


ein ai Nan 
ete Ni rey » Uae Mn a iy 
it) Mit Baan HM oS a H 
A A pla i ihe ve Wire vy a re 
‘ ks a A MK uN tH f Fait 
) it Ha} PN 
cunt 
thy Mv 





ae 


Serial No. NGI=+261 
Calendar Year 1959 
Part A - Page 6 


2) There i8 no leukopenia associated with the pyrogenic 
response; 3) Animals do not become telerant to daily ine 
jectiona of altered endotoxin; 4) There is no acute ree 
fractoriness to altered endotoxin when multiple injec- 
tions are given over a short period of time. The above 
properties of endotoxin altered by plasma have been the 
yery ones used to distinguish endogenous pyrogen from 
bacterial endotoxin. ‘These data are therefore interpreted 
as providing support for the hypothesis that endogenous 
eee is endotoxin which hag been altered by the host's 
plasma. : 


7. Adrenalectomized mice are known to be unusually 
susceptible to the lethal properties of bacterial Jipo-= 
polysaccharides. Treatment with 400-500 micrograms of 
endotoxin are required to kill normal mice; on the other 
hand, only 2-5 micrograms are necessary to kill edrenale 
ectomized mice. It was, therefore, visualized that this 
specially prepared animal might provide a sensitive and 
generally available teat animal for the assay of endotoxin 
and for the endotoxin detoxifying component in plasma. 


It was found that the detoxification of endoe- 
toxin by EDC could indeed be shown in the adrenalectomized 
mouse, However, the quantity of this factor required was 
greater when tested in the edrenalectomized mouse than when 
the reaction mixture was tested for other biologic propere 
ties of endotoxin, Consequently, the adrenalectomized mouse 
has but limited usefulness for assaying EDC since only 
plasmas containing large amounts of the factor. could be 
readily assayed by this procedure, 


8, The bactericidal system of normal and insmune 
sera, in which antibody and complement are the principal 
participants, causes the death or lysis of Gramenegative 
baeteria, The susceptibility of individual streins of 
these organisms to the lethal effect of serum varies 
widely. The means by which fresh serum evokes this cidal 
effect is not known, nor 1a information available to 
account for differences in sensitivity to Serum among 
various species and strains of Gramenegative bacteria, It 
has been reported that the endotoxins of these bacteria 
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(somatic antigens, lipopelysacecherides) interfere with the 
bactericidal effect of serum in vitre, We have sought to 
determine whether susceptibility to serum of antigenically 
identical or closely related strains was correlated with 
Gifferences in their content ef endotoxin and/or somatic 
antigen, Two such closely related streins of Escherichia 
eoli were isolated from a Single clicne and were ghown te 

er markedly in their sensitivity to sexum,. The supere 
natant fluids of boiled suspensions of these organisms 
served as antigen prepsrations which were readily adsorbed 
on erythrocytes. Such antigen-coated erythrocytes were 
agglutinated by specific antibody. The extracts from the 
serum resistant strain contained mich more of the ceil . 
sensitizing antigen than 424 the prevaration from the séen= 
sitive strain. It was found that acetone-killed and dried 
célis of the resistant strain, es well as extracts of this 
culture, were considerably more potent antigens for rabbits 
than their counterparts from the semim susceptible strain. 
Furthermore the celis ané the extracts of the resistant 
strain exhibited markedly greater endotoxic potency 
(induction of hemorrhagic necrosis in Sarcoma 37) than 
analogous products from the sensitive strain. These find= 
ings indicate that the quantity ef somatic polysaccharide 
complex on these bacteria may detemaine their susceptibiiity 
to the bactericidal system of fresh serum. 


The occurrence in normal serum of antibodies 
especific for bacteria cf several genera of Enterobacteriacese 
{25 strains of Escherichia, Salmonella and Shigella were 
examined) was investigated, It was found that antibodies 
reactive with each of these straing were present in memal. 
human and rabbit sera. These natural antibodies sre prege 
ent in low concentration, but the quantities are surficient 
to permit maximal expression ef the bactericidal action of 
these sera, The bactericidal action of normal serum agains: 
smell inocula of E. coli was net increased by the addition 
of specific immime antibody. 


9. The findings in studies on the effects of nor= 
mal serum on the endotoxic polysaccharides cf Gram-negative 
bacilli and on their viability, presented in another seco 
tion of this report, were utilized in a search for humoral 
systems which might affect tumor cells. Exploratoary- @x= 
periments revealed that serum exerted an impressive lethal 
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effect on tumor celis. Ineubatien of Sarcoma 37 ascites 
cells with normal human serum abolished their capacity to 
proliferate in mice, This lethal effect of serum on tumor 
cells was investigated systematically and it was found that 
this activity was exhibited by @ system distinctive by 
virtue of ita species distribution, the many components 
required for its action, and the range of mouse tumors it 
affected, Most of the experimental work was carried out 
with celis of Sarcoma 37 in the ascitic form and with 
fresh normal human serum. Cells and serum were interacted 
in vitro for.1 hour at 37°C., in @ ratio of 1x10°% cells per 
» of serum, and the effeets on the cells were agcerteined 
in four ways, a) Failure ef the cells to proliferate in 
vivo. b) Loss of metabolic activity, with glucose as Bub- 
strate, as measured in the Warburg respirometer (in collab- 
oration with Dr. M. W. Woods}, or by the reduction of neca- 
tetrazolium, c) Uptake of eosin as evidence of cell death, 
@) Morphologic changes, notably the extensive blebbing of 
the cell membrane, These four parameters ylieided sconsistens 
resulta in the assesament of cell viability, The eytotexiec 
activity of serum was eliminated by heating at 52°C. for 1/2 
hour, or by absorption with washed sarcoma celis et 4°c. 
The original cytetoxic activity was restored on combining 
the heated serum with the absorbed one, an indication that 
at least two factors were required. Inesmuch as such heet 
treatment inactivates C!2, and since the absorbed serum 
was found to retain its hemolytic activity, 1¢ appeared 
that complement might be involved. Tests with the standard 
reagents Rl, R@, R3 and R4 prepared from human serum showed 
that absence of any one of the four recognized components of 
complement resulted in loss of cytotoxic activity. Apprae 
priate combination of these reagents restored activity. 
Addition of EDTA to serum resulted in loss of cytotoxicity; 
restoration of activity was accomplished by the addition of 
Cat+ or Met; thus, divalent cation was also essential far 
the reaction, The reaction between human serum and the 
tumor cells was explored as regards serum concentration, 
rrumber of cells, tempereture, and incubstion time, Serum 
diluted 1:8 showed undiminished activity while a 1:16 dilu- 
tion produced & partial effect, One ml. of serum Gsstrey ey 
the proliferative capacity of an incoculin as large as 5x10 
certs and exerted a consi@erabie, but incomplete effect on 
TxlO! cells, The reaction proceeded optimally at 37°C.» 
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with @ lethal effect exerted within 2 BI NUtes » One-half 
hour was required for cytotoxic action at 20°C., mit at 
h°¢, cell viability remained unaffected. 


The eytctoxiec effect obtained with human serum 
was also exhibited by sera from chimpanzee, rhesus monkey, 
cow, pig, deg, cat, rabbit, chicken and goose. Non-cytoe 
toxie sera were those from horse, sheep, goat, guinea 
pig, hamster, rat and mouse, The factor absorbed from 
human gerum by Sarcoma 37 cells could also be removed by 
other mouse ascites tumors including the Ehrlich ang Krebs 
carcinomas, hepatomas 129 and 134 and Sarcoma 180 as well 
as by cell suspensions prepared from golid tumors of Sarre 
coma 37 and Melanoma 8-91. Suspensions of normal mouze 
cells of liver, lung, kidney, heart, misclies and erythroe 
eytes effected little or no absorption of thia factor, but 
Spleen absorbed it completely. Preliminary experiments on 
the exnditions for adsorption of the factor on tumor celis, 
its elution from these cells, ita heat lability and @her 
properties indicate that it behaves like @ normal antibocy 
reactive with receptors on these mouse tumor celis, Serum 
injected into micei.p. immediately prior to ox following 
i.p. chalienge with Sarcoma 37 ascitea failed to exert a 
cytotoxic effect in vive. 


There is thus present in the normal serum of 
a number of species a factor resembling antibody et 
together with complement exerts a lethal effect on mous 
tumor cells in vitro. The action of normal Serum on these 
cells bears & Strixing resemblance to the effects produced 
by hyperinmine serum, 


10, Human serum has been ghown by Dr. B. Bjorklu g 
of the State Bactericlogical Laboratory, Stockholm, Sweden, 
to contain e eytolytic factor coupled to an inhibiter, - 
The factor wes dissociated from ite inhibitor by dialysis 
and obtained in a relatively pure state following electro- 
phoresis, In the isolated state it displayed a lytic 
effect on four established cell strains of human origin. 

In collaboration with Dr. Bjorklund, exploratory experic 
ments were carried out to examine the effect on mou 
tumor cells exerted by this factor (CF) and other eamponenta 
separated from normal human serum by paper curtain 
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electrophoresis, CF produced marked morphologic changes 

in Sarcoma 37, Krebs, Ehrlich and other ascites tumor celia 
manifested by multiple lesions in the ¢eil membrane. 
Following this in vitro interaction the 5-37 cells no ionger 
proliferated in mice, The cytotoxic effect produced by 

this heat stable factor was manifestly different from that 
of the antibody-complement gyatem described in another 
section of this report. 







Significance to ne £roges 





ral serum o many aes 
& system of normal aneincdy and complement which ig lethel 
for various mouse tumor cells in vitro. The effects exerted 
on tumor cells duplicate those reported for hyperimmune 
serum, Furthermore heet stable fractions have been léeclated 
from normal serum which are alse cytotoxic for tumor cells. 
These findings offer tangible evidence that the host may 
possess normal components which influence the growth and 
behavior of atypical eells and thereby contribute to 
natural resistance to neoplasia. 


Ergnones Course of Project: 

e following parameters of natural immunity 
will be measured in mice that have been treated with toxic, 
carcinogenic doses of methylicholanthrene and benzopyrene: 

a, Survival of an heterologeus skin graft. 

bd. Resistance to a standardized skin infection. 

e. Antibody regponse to a well-defined antigenic 
stimalus. 

d. Reaction to the toxic and lethal prope staee 
of bacterial polysaccharides, 


2. Investigation of the endotoxin detoxifying com= 
ponent in plasma will be continved with the objective of 
elucidating the relationship between endogenous pyrogen 
and plasme-reacted endotoxin. To obtein such information 
attempts will be made to pr pare animals whose plasma is 
deficient in EDC, Medical and surgical ERR NEAE experi= 
ments will be carried out, including the following: (1) 
treatment with nitrogen mistard; (2) hepatectomy; (3) pan- 
ecreatectomy; (4) splenectomy; (5) and nephrectomy. Such 
animals will be tested, in addition, for their abliity to 
produce endogenous pyrogen. 
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3. Work on the purification of the endotoxin de= 
texifying system in mammalian tissues will be continued in 
collaboration with Dr. Waravdekar, Armed Forces Institute 
of Pathology. The relationship of this system to known 
enzymatic activities of these tissue preparations will be 
examined. The effects of various experimentally induced 
pathologic states on this tissue activity in rabbit liver | 

Will be studied, 


4, A number of additional strains and species of 
Gram-negative bacterial genera will be examined to deter= 
mine whetner the correlation between gusceptibility to the 
bactericidal action of normal serum and content of somatic 
entigen and/or endotoxin, as found in E, coli, represents 
a Bene es phenomenon. 


5. Studies will be initiated to compare the pare 
ticipation of natural vs. immune antibody in the bacteri- 
cidal process ag regards the following: 

a, Their effectiveness for gensitizing bacq= 
teria to the lethal action of complement. 
b, Their relative specificities es revealed 
by quantitative absorption tests with 
homologous and heterologous wmicroorganiers. 


6 Study of the complement=-dependent system of nor- 
mal serum iethel to mouse tumor cells will be continued with 
the following objectives: 

a, The component of the system which reseme 
bles natural antibody will be concentrated 
and its properties examined in greater deq- 
tail. Information will be sought to ace 
count for its bizarre Gistribution in 
animal species, 

b, The range of tumor cells affected by this 
system will be ascertained. 

ec. Experiments will be designed to account 
for the lack of serum cytotoxicity 
in vivo. 

ad. In collaboration with Dr. M. W. Woods, Lab. 
of Biochemistry, NCI, the mechaniem of the 
injury inflicted on the tumor cells will he 
investigated with speciel a&tention to the 
striking effects on glycolysis. 
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.7. The findings with serum fractions (prepared by 
Dr, Bjorklund) have made it evident that in normal human 
serum at least two separate components are present which, 
in the isolated state, are capable of exerting strong 
eytotoxic effect on mouse tumor cells. It is proposed to 
examine the conditions under which these effects are exerted 
and to determine the extent to which individually or 
collectively they contribute to the cytotoxic effect of 
normel serum, a 
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Part B. Honors, Awards, and Publications 








Publications other then abstracts from this project: 


(1) Landy, Bos Trapani, Red.» and Shear, a Ja2 
Fnactivation of endotoxin by @ humoral component. IV. 
Alteration in the imminological properties of typhoid 
endotoxin, J, Exper, Med. 110: 731-750 (1959). 


(2) Rosen, F, R., and Lendy, M.: Inactivation of 
endotoxin by a humoral component. ¥. EDC activity during 
Gramenezative infection and shock, Zeit. f, Immunitats- 
forsch, 118: October (1959). 


- (3) Landy, M., Trapani, R-J., and Rogen, F. S.: 
Inactivation of endotoxin by a humeral component. VI. 
Two separate systems required for viable and killed 
Salmonella typhose, J. Clin. Investig. In press 39: 


(February ) A 





The Head of the Polysaccharide Seetion was invited 
to participate in an International Conference on Biological 
Effects of Endotoxins in Relation to Imaunity held in 
Freiburg, Germany, July 2f-3i, 1959. 
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Part Ao 


Project Title: Endocrine Aspects of the Progression and Therapy 
of Cancer of the Breast in Women and Men, 


Principal Investigators: Dr. D. M. Bergenstal, Dr. R. Hertz and 
Dr. Mo Bo Lipsett 


Other Investigators: Dr. S. M. Kahn, Dr. Tf. L. Goodfriend, Dr. 
D, A. Kelloge, Dr. R. H. Moy, Dr. H, Schwartz, Dr. S$, Genuth, 
Dr, Jo Lewis, Mr. 5. Jackson, 


Cooperating Unit: (De. J, Van Buren) 


Man Years (calendar year 1959): Patient Days (calendar year 1959): 
Total: 16 Patients 
Professional: 11 Days 
Others § 


Project Description: 


Objectives: 1, To extend and intensify detailed clinical cbservation 
of the naturel course of cancer of the breast ia men and women in 
order to better appraise the effectiveness of various methods of is 
therapy and learn more concerning the etiology and petnecmees 
of the disease, < 


2, Toe improve upon existing forms of hormonal therapy for palliation 
of advanced breast cancer and to elucidate the mechaniens involved. 


ae ic Love 1, The acceptance of complete clinical responsibility 

for the further management of referred patients with proven ee 
of cancer of the breast and the application to their problems of al 
available modes of therapy. 





2. The exploration of new modes of hormonal therapy for palliaticn. 






3, The detailed analysis of endocrine and metabolic factors operat: 
in relation to the genesis and course of the disease in these patian? 
up te the time of their demise. 





4, Careful appraisal of pathological specimens obtained at bicpay 
or autopsy in collaboration with Pathology staff. 
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Serial No, WCI-200(¢) 
ow 2= Endocrinology Branch 


Major Findings: Metsbolic effects of growth hormone: 
1. Extensive metabolic balance studies with chymotrypsinized 
beef growth hormone, whale growth hormone, and sheep growth 
hormone have revealed these preducts to be inactive in man. 
Human growth hormones was shown to be an effective anabolic 
agent in a variety of clinical studies, A significant phan 
of human growth hormone was an increase in urinary celciua ex 
cretion from 20 to 150 mg. daily. 


In an at sebempt to demonstrate the possible role of growth Sates 
in tumor growth, we have administered human growth hormone to % 
patients with metastatic breast cancer, three patients wit h poten 
tatic adrenal cancer, and two patients with metastatic carcinoms 
of the prostate, In no instance was there clinical exacerbation 
of the disease, The measurable parameters of tumor activity in 
the last two groups were unchanged. From the previous studies, 

it is apparent that an increase in urinery calcium following the 
administration of growth hormone is an inadequate crilterims of tumor 
growth, In the patients undergoing e remission following hype- 
physectomy, the urinary calcium was unchanged following growth 
hormons, Only in those patients in whom there was evidence of 
tumor progression did growth hormone produce some rise in the 
urinary calcime, Thus, for these short periods of administration, 
we could find no evidence te suggest that human growth hormone 
facilitates or stimulates tumor activity. 








Eypophyseal atalk section, In collaboration with De, Jo Van Buren 
or WINDB , we have performed hypephyseal stalk section in 1i patients 
with metastatic breast canesr, This was done with the expectation 
that the procedure would be simpler, thus de¢reasing the morbidity. 

- However, for reasons which are net apparent at this time, the — 

morbidity in this group was considerably higher then in our hypo- 
physectomy group, Furthermore, the results of treatment have nos” 
besn as good as those following hypephysectomy, It has, therefore, 
been decided to terminate this study at this time, and te intensively 

follow those patients whe had been subjected to stalk secticn. 


The data with respect to endocrine function following stalk secticn 
revealed pituitary-endocrine reisticnships n6t heretofore deseri eae 
Adrenal function almost uniformly decreased to hypophysectomy ievels, 
Gonadotropin excretion was variable for many months efter surgsry. 
Four patients have demonstrated normal thyreid function that could be 
suppressed by the aduinistration of triicdothyroninse. Froa these 
data, eovares tentative conclusions may be drawn: 
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2 *s Seen res 
serial No. NGI @SOD( G3 


- 3- Endocrinology Branch 


Major Findings (con't.): 
1. Following hypophyseal stalk section, there is variable 


destruction of the anterior pituitery gland. 


2, Contrary to atudies in the dog, ACTH production appeared 
40 be the most sensitive indicator of pituitery gland destruction. 


3. In the absence of hypothalanic-pituitary vascular connections, 
the thyroid-pituitary axis was normal in several patients anda 
gonadotropin production continued, 





Though anterior hypophysectomy hes been continued in favorable 
patients for the purpose of having these patients available for 
study, the therapeutic results de aot differ from those previousiy 

reported, 


2-Deoxyeiucose. 


The studies on the effects of 2-deoxyglucose on breast cancer 
have been brought to a close. Inconclusive data suggest that 
suppreasion of the metabolic activity of breast cancer as manifested 
by reduced calcium excretion can be ebserved in properly selected 
cases, These observations are submitted for publication by Dr. 

-S. Bahn and Dr. D. M. Bergenstal. 





Signi ts ‘ P m or & nstitute: The direct pertinence 
of the foregoing stailen to the grave problem of advanced or per- 
sistent breast cancer is too cbhrious to require discussion, 


Proposed Course of Project: The further course of these studies are 
to be essentially along the lines outlined above, Emphasis is to 
be placed on balance studies and ths evaluation ef hypesphysectomy 
in breast cancer, Further evaluation of mew steroids and related 


compounis is to be made. 


Part B ineluded. 


ma Mie) 


Pai) 


+ An ay 
a 4 


PAu 
Avy 


1D ag 
BiH 
Oe 
PN 
Hae 
Wey 
Whi 
au 


ee 
ii 


i iy 
an 
Nant 


Reh 
Mia iN 

ree a Ga Gah Nees Manca bll Pa 

a ‘ 

PPA MoeacHT ou ’ i inn a 

ma 

We 


Hes 
ey 
fale PMS! 


Ath, 
i 


\ 
Ment: 
; ia 
Leite 
Aw aT Wi 


Bi vo 
Ana 


feat 


i ie) 
Deira a 
wen 


ANY ; 
voy ih 
PR ON WP : 
TO A eh A } 

Mian DAT = Phy Pu! ; 
DR Ad pL 


i 
SRBC 
baits 
DONA Osa 


abit 
Dl! 
ae y 
on A 
a 


aint 
Aa che 
A 


ny 


i 
ny 


(i 

Hk 

Wan 

HN 
yom 

HARON 
hiker 

eae 

NMR 


i 
Mi 


AN 


vit 
Dish, 

"i 
ral 
Hy 


ihe 


is 


NL staat 
Nan 


NY ey 
aoa a 


Can 
Ot ante 
a Eis Hult 
bi HH 

yan ene 
ae 


Ni 


yi Wit 
ane. 


Lis 


oye 


Ay i ¥ Hs 
‘ A] ui 

4 Paty, iN na 

BUM lt 
Aare cheat 


i 


ey 
ni 


Lat 
aay 


ve i GH 
Diath Dae | 
y ith Gh 


N 
OL) NY 
ni A, 
eR Tn 
Ay, vay 

i 


CLE AS 
ena 


Pech ue ot OR) 


CMU TRANS Ve 
RAN 
ARO aU 
aaa 

JN 


iL 
iy 


My 


any 


x i) 
babe 
Sa 


y 
erry 


Wh 
“ei 


. 


aN 
nt 
ye c 


, i 
mg 
iy Gy i 


M4 
Rt 


TYE y 
ly 


in 
) 
cy 


‘i 
Hf 


hut A 
at 4 
cn 


Tarn 


daa AG i 
1 AS 
HARON 


in 


it 


y 
enya 

TAMA Se 

\ BN) 

‘| Pe UA 
TAO SAR eet NS 


: i Nit 
OMNIA Ear te 
ey, et A 


EN W » 
Neti hn 


alk 


ah 


sil 

Hho 
iy de 

aK 

Ay Le 


NNN 
Me 
hy 


Teale Oey 
Ta ae ( 
an aa 


iw 


l 
iN 


ie 
i 
aye 


sci 


a 
iy 
att 


etic: 


Sry al 
Pua 
Ny 
Sn 
MND 


ie 
ei 


a 
NUR 
th 


» 


au 


<n 





Tie ea 
We 


At 


Se tal Wo, NCGI-S00(C) 
ase] 


Fag 
ndocrinolesgy Brench 


sy ida) 


PHS-NIH 
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Galendar Year 1959 
Part B. Honors, Awards, and Publications 


Honors end Awards relating to this project: 





Co-chairman, American College of Physician 6th Postgraduate 
course on Endecrinology. 


Consultant to Cooperative Group Study on Lung Cancer. 


Presented a paper at the meetings of The Association of 
Awerican Physicians, Atlantic City, N. J., May 1959, 


Dr, Roy Herts 


Invited to lecture at Academy of Medicine of Gleveland and 
Cuyehoga County Medical Society, Clevelend, Ohio, November 
19, 1959. 


Participated in semi-annual meeting of The Medical and Chicurgical 
Faculty of the State of Maryland, Ocean City, Md., September 18, 
1959. 


Moderator on pansl of the 45th Annual Clinical Congress of the 
American College of Surgeons, Atlantic City, N. J., September 26, 
1959. 


Participated in meeting of the Brooklyn Academy cf Pediatrica 
held at Bethesda, Md., May 20, 1959, 


Chairman of the Endocrinology Section of the American Association 
for Cancer Research at their 1959 meeting, Atlantic City, No Jo, 
April 11, 1959. 


Invited speaker of The Eastern Conference of Radiologists, 
Washington, D. C., March 1959. 





Lectured before the House Staff of Georgetown University Medical 
School; Howard University Medical Schools; Washington Hospital Coater, 
and Washington Sanitariun, 

Invited speaker at Piedmont Postgraduate Medical Scheol, Clemson, &. ©. 


Member, Faculty of Postgraduate course, American College of Physicians, 
Bethesda, Md., Feb. 1959. 
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Serial 8 Og N CIHBO: 3(6) 

1, Endocrinology Branch 

2, Endocrinology Servic 
PHS-NIH - 3. Bethesda, Md. 

Individual Project Report 


Calendar Year 1959 
Part Ao 





Project Title: The Nature of Hormone~Producing Tumors of Pituitary, 
Adrenal, Ovary, Testis, Pancreas, Parathyroid and Chorion; 
Abnormalities of Somatic Development and Growth. 


Principal Investigators: Dr. Roy Hertz, Dr. D. M. Bergenstal and 
Dr. Mo B. Lipsett 


Other Investigators: Dr. R. H. Moy, Dr. John Lewis, Dr. S. Genuth, 
Dr. D, Ao Kellogg, Dr. T. L. Goedfriend, Dr. H. Schwartz, Hr. 
H, L, Erwin, Mr. S. Jackson and Mr. P. Rayford 


Cooperating Units: Dr. R. Bates and Dr. H, Wilson, NIAMD; 
Dr. L. Garren, Pharmacology Branch, NCI, 


Man Years (calendar year 1959): Patient Days (calendar year 1959 
Total: 16 Patisnts 
Professional: 11 ‘ Days 
Others 5 


Project Description: 


Objestives: 1, To learn more about the basic metabelic phenomena in- 
volved in the process whereby neoplasms in hormone=producing organs 
produces highly excessive amounts of hormone, resulting in such syn~ 
dromes as Cushing's disease, acromegaly, byperparathyroidiam, hyper~ 

-adrenalism, and similar endocrinopathies, 


2. To maintain in tissue culture and in animals hormone=-produciag 
tissues and te ascertain the factors involved in GFE tative hormone 
preduction in vitro. : 


3. To assess the capacity of new drugs to alter the course and 
hormonal activity of hormcne-producing tumors, 





On . Hormone preducing tumors from patients with one of 
the anovesnmmed syidromes are cbtained eat surgery and carried in 
tissue culture in irradiated, cortisonizsed rats and hamsters, The 
supernatant fluid from the cultures are tested for hormonel activity 
by appropriate bioassay methods and the quantity recovered compared 
with the content of a piece of tissue exactly equivalent to thet 
originally placed in culture, 


Patients presenting such syndromes are completely characterized 


endocrinologically and metabolically before and after therapy in 
order te ascertain the relative effects of various formes of therapy. 
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Serial No. HGI-803(€) 
-~ 2 Eadocrinola ogy Branch 


Major Findings: 
ast 





(a) Fifty patients with choriocarcinoma or related metastatic 
trophoblastic disease have now been studied from both a thera- 
peutic and more basic aspect. Twenty-one of 44 patients who 
were admitted more than 3 months ego show no residual evidence 
ef disease for periods ranging from 5 to 47 moaths. Eight 
patients are now resistent to methotrexate with persistent 
disease as evidenced by continuing hormone titer, Fifteen 
patients have died following initial response with subsequent 
development of drug resistance. These data provide a very adequate 
statistical basis for the evaluation of methotremate therapy in 
advanced metastatic-trophoblastic disease, indicating that almost 
half such petients can be effectively fred of evidence of residual 
disease, 


(b) The problem of the methotrexate resistant patient remains 
our most pressing concern, Repeated therapeutic attempts with 
nitrogen mustard, cytoxan, and. ea Ami have yielded ne signi- 
ficant responses, 


Since May, 1959 we have treated § methotrexate resistant chorio- 
carinoma patients with Vincaleukoblastine, an alkaloid derived 
from the pwerivinkls plant (Vinca rosea) (Noble, Gutts and Beer, 
1957), (See also project 808 for our animal studies indicating 

' the sensitivity of heterologously ¢ransplanted choriccarcinoma tS 
this agent). ; 


Three or these patients now have ncrmail gonadotropin titers, suggesting 
their complete remission, the longest being 5 months in duration. 

fwo additional patients showed definite but rapidly reversibie 
evidence of tumor regression, The remaining three patients showed 

no apparent. response to the drug, Thus we appear to have at least 

some recourse against methotrexate resistance and possibly e highiy 
potent egent for primary therapy, Limitations in available supply 

of the drug has retarded tha progress of our stwiies, 


Reversible toxic affects of Vincalcukoblestine have included: (a) 
bons marrow depression, (b) alopecia, (c) asurotoxicity, (a) 
stomatitis, (e) melaise and depression, and (f) local phlebitis. 


The most significant aspsct of these findings is the fect that 
Vincaleukoblastine is chemically unrelated to any previously used 
oncolytic agent, thus opening a large area for investigation in 
the alkaloid field. These studies are submitted to Cancer Research 
for publication, 
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Serial No, NCI=-803(¢) 
= 3- Endocrinology Branch 


Major Findings (con"t.) 


(c) The problem of the immune relationship between chorio- 

carcinoma and the host subject has been frequently raisad since 
thia tumor is derived from the sygote which contains both paternal 
and maternal genes, We have therefore undertaken 4 study of the 
blood groups of women with choriocercinoma in relation to their 
husbands’ bleed groups. These studies indicate no evidence or 
eross~-immunization between husband and wife even in those patients 
whose tissues are extensively invaded by tumor, It is inferred 
that this embrvonic tissue lacks significant antigenicity for the 
hest at least as far as circulating anti-bcdy formation ie con- 
cerned, Further studies regarding fixed tissue antigens are in 
progress, These coservations ars boing submitted for publication 
in the American Journal of Obstetrics and Gynecology in ecollabore- 
tion with Dr. Paul Sclmidt cf our Bleed Bank, 


(d) Normal placenta has been shown to contain two types of stercid 
responsive enzymes - an estrogen activated dehydrogenase and a 
steroid transhydrogenase. These enzymes have been demonstrated 

in very small amounts in choriocarclinoma tissue and the further 
characterisation of these enzymes as well as their histochemical 
Localisation in tumor as well as placental tissue will be of great 
Anterest (Dr, Donald A. Kellogg). 


{e) Methotrexate has been found to completely inhibit the trans- 
formation of phenylalanine to tyresine, This interference is 
consistently observed in the methotrexate treated patient and may 
play a vital role in the mechanias of action of the felic anta~ 
gonist (Dr. Theodore Gocdfriend) , 


During the past year, we have treated 14 patients with metastatic 
adrenal cancer with o,p" DDD. Five patients have shown objective 
regression of cancer, There have been 7 deaths in the group, Ail 
patients with functioning adrenal cenecer have shown somes suppression 
of steroid output with the drug. 


We are starting to correlate plasma levels of o,p' DDD with desage 
and responss, Preliminary observations suggest that some of the 
poor responses to o,p’ DDD occurred in spite of. adequate absorption 
of the drug. i 


In collaboration with Dr. William Tulliner, we heve initiated a 
study regerding the disappearance rate of o,p'’ DDD from place. 
This will be examined by both standard chemical techniques and she 
use of tritiated o,p' DDD. 


In 2 of the patients whose ketostercids had reached normal levels, 


paper chromatography revealed that a large proportion ef these was 
dehydrespieandrostercne, This suggsats continuing low-urade activity 
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ge 


Major Findings (cen't,) 


of the cancer, even though a significant remission was obteined. 





1, In collaboration with Dr. Wiisen of NIAMD, we have initiated 
a study of the urinary metabolites of important precursors of 
hydrocortisone and dehydroepiandrosterense. From this study, i% 
should be possible to delineate the areas of enzymatic blecks in 
& variety of types of adrenal cancer, Due to the very large ex- 
cretion of all types of steroids in these patients, considerabie 
purification has to be performed in order to accurately measure 
any single metebolite. 


2. In last year's report, we outlined the project to study the 
initial stages cf stimulation of the adrenal cortex with ACTH, 
in collaboration with Dr. Wilson. This haa been completed and 
we have shovn that the biosynthesis of adrenal androgens is less 
dependent on ACTH than is the synthesis of cortisol, These re- 
sults ars being reported in detail in the Journal ef Glinical 
Endocrinology and Metabolism, 


3. The study of the precursors of dehydrospiandresterone in 
eolleboration with Dr. Wilson has proved difficult because of 
the problems encountered in separating one of the metabolites. 
We are still actively pursuing this, however. 


4. A study has been initiated to determine the proportion of 
G3905 metabolites in the urine arising from dshydrospiandrosteronse, 
Tritiated dehydrcepiandrosterone has been given to ovariectomized 
patients, as well as patients with adrenal cancer. and the specific 
activities of the urinary C]g02 metabolites measured, This will 
yield information about the role of dehydroeplandrosterone ag the 
precursor of the endrogenic metabolites excreted in ths urine, 


5. The previously described study of women with hirsutiem hes 
been completed and has been accepted for publication in the 
Journal of Glinical Metabolism, We were unable to correlate 

any of the C1992 or Cj903 metabolites or pregnanetrisl with either 
the extent or severity of ths hirsutism, 


6, The availability of orally effective progestational compounds 
free of estrogen activity permitted an examination of the effects 
of high doses of progestin, In contrast to progesterons, Provera 
caused a negative nitrogen balance cnly once in 7 attempts, It 
did not have any anti-aldosterone activity. Provera failed tc 
suppress gonadotropin excretion in pest-menopausal patients and in 
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Mejor Findings (con't,) 


3 girls with precocious puberty, Fartial characterisation of 
urinary metabolites of Provera was undertaken because of the 
finding that the edministration of this compound resulted in 
large increases in the excretion cf Porter-Silber chromogens. 
Although the structure of the functional group was not deter- 
mined, known functional groups were ruled out as a soures of 
this reaction, This study will not be pursued, although there 
is, undoubtedly, a previously unrecognised phenylhydrazine- 
reacting group in metabolites of Provera, These studies are 
being reported in the American Journal of Obstetrics and 
Gynecology. 


7. An amphenone derivative which has the capacity to block 
118-nhydroxylation has been studied, and a test for pituitary 
ACTH reserve standardized, This will prove useful clinically 
in evaluating patients with pituitary tumors. 


8, In eollaboration with Dr. Leonard Garran of the Pharmacology 
Branch, NCI, we have examined the influence of non-thyroidal 
hypercatabolic states upon the metabolism of cortisol, The 
disappearance rate of 4-C14-Cortisel and the secretion rate of 
cortisol have been measured in patients with leukemia before 

and after correction of the hypermatabolic state, No differences 
have been observed, This study will be expanded to include the 
effect of fever induced by pyrogens on the motebolism of cortisol. 


Metabolism. 


1. In the patients with panhypopituitarism, low doses of cortisol 
and triiedothyrenine were shown to have significant catebolic 
effects, The influence of the endocrine status of the patient 
with respect to the catabolic effects of cortisol had not pre- 
viously been exemined, From our studies, it is apparent that 
physiological effects of these hormones cannot be compared unless 
the endocrine status of tha subject is vell<-defined. 


These studies have been submitted to Metabolism. 


2, Glucagon was shown te produce a rise in plasma unesterified 
fatty acids 48 hours following administration, Its catabolic. 
effect has been studied and demonstrated to be independent ef 
hepatic glycogenolysis. These studies have been submitted to 
the Journal of Laboratory and Clinical Medicine, 


3. A congener of testosterone, testololactone, was shown to be 
metabolically inert in 2 balance studies, It did, however, 
markedly reduce the hypercalciuria accompanying osteclytic bone 
disease dus to carcinoma of the breast. There have been ne cb=- 
jective regressions of disease, 
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Major Findings (con't.) 


The effects of growth hormone have been examined in 3 patients 

with active acromegaly. No nitrogen retention was observed, 
although the urinary calcium excretion increased. These sane 
patients demonstrated an ability to retain nitrogen when tes- 
tosterone was given. ‘This phenomenon has not previously been 

noted, and implies either different sites cf deposits of protein 

or different mechanisms for nitrogen anabolism, In collaboration 
with Dr, Julius White, of the Laboratory of Physiology, we have 
begun an investigation into certain parameters of protein motabolisn, 
using Nl5-labeled glycine, We intend to study patients with active 
acromegaly before and after treatment. Ni5-glycins will also be 
given to patients on metabolic balance during periods of adminis- 
tration of human growth hormone and testosterone, in an effort 

to delineate the possible different mechanisms of nitrogen retention. 





Significance to. ths Program of the Institute: Further understanding 
of the conditicns permitting the excessive hormonal production 
of tumors of endocrine origin is basic to our understanding of 
the metaboliam of neoplastic tissue generally. In addition, further 
analysis of abnormalities in somatic growth and development should 
provide data pertinent to the problems of tissue growth generally. 


Proposed Course of Project: Further elaboration of these studies with 
major emphasis on biochemical and pharmacological, control of hormone- 
producing tumors and anomalous tissue growth is projected. 


Fars B included, 
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Serial No, NGI-803(C) 
PHS-NIH Endocrinology Branch 
Individual Project Report ‘i 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 
Publications other than abstracts from this project: 


1, Lipsett, M. B. and Bergenstal, DB. M.: The Metabolic end 
Corticotrophin-Suppressing Activity of Certain C2) -Decxy~ 
steroids, Acta Endocrinol, 31: 33-39, 1959. 


2, Lipsett, M. B. and Bergenstal, D. Mo: Metabolic Effects of 
Amethopterin in Men, Cancer Research 19; 89-92, 1959. 


3, Engel, H Ro, Bergenstal, D. M., Nixon, W. Eo and Patten, 
J, A.s Effect of Human Growth Hormones on UFA and Plasma 
Amino Acid Nitrogen in Man, Proc, Sec, Exper, Biol. & Med, 
100: 699-701, 1959. 


4. Lubs, H, Aw, Vilar, O. and Bergenstal, D. M.: Familial Male 
Pseudohermaphrodism with Labial Testes and Partial Feminization: 
Endocrine Studies and Genstic Aspects, J. Clin, Endecrinel. & 
Metab. 19: 1110-1120, 1959, 


5. Bergenstal, D. M., Lipsett, M. B., Moy, Ro. H. and Herts, Ro: 
Regression of Adrenal Cancer and Suppression of Adrenel Function 
in Man by o,p’ DDD. Trans. Assoc, Amer. Phys. 72: 341—- ,1959. 


6. Lipsett, M. B. and Bergenstal, D, Mo: The Catabolic Effects of 
Low Doses of Cortisol and Triicdothyronine in the Fanhypopituitary 
Subject, Metabolism (in press). 


7. Lipsstt, M. Bo, Engel, H. R. and Bergenstal, D. M.: Effect of 
Glucagon on Plesma Unesterified Fatty Acids and in Nitrogen 
Metaboliaa, J. Lab. & Clin, Med. (in press). 


8 Lipsett, M, B. and Riter, B. D.: Urinary Ketosteroids and 
Pregnanetriol in Hirsutism, J. Clin. Endocrinol. & Metab, (in 
press), 


9. Hertz, Ro: Gonadotropin and Adrenocorticotropin from Rat 


Pituitary Homografts as Manifested by Host Response to Choricnic 
Gonadotropin and Amphenone, Endocrinology (in prees). 
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Part B. (con *t.) 
Henors and Awards Relating to this Frojact: 
Dr, Roy Horta 


Re-eppointed to serve on the Postgraduste Committees of tha 
Endocrine Society during 1959-60. : 


‘Mexber, Averds Committee of the Endocrine Society. 


‘Participated as guest lecturer, Squibb Gentennial Lecture 
Program, February 1959. 


Invited to lecture at Mayo Clinic, Roehentees Minnesota, April 


Guest speaker, Minnesota State Gynecological and Obstetrical 
Society, Duluth, Minn., April 25, 1959. 


Lectured at the University of Southern California Medical School, 
April 23, 1959. 


Participated in neeting of the New York Cancer Sod ety: April 
14, 1959. 


Chairman, meeting of the Nick Carter Club, Bethesda, Md., November 
6, 1959. 


Participated in seminar ef Armed Forces Institute of Pathology, 
December 1, 1959. 





‘Invited to participate in conference on The Biologicel Activities | 
of Steroids in Relation to Cancer, CCONSC, Vergennes, Vt., Sept. 1959. 


Dr. M, B, Lipsett 


Participated in meeting of the Nick Carter Club, Bsthesda, Md., 
November 6, 1959. 


Perticipated in Brook Lodge Conference on progestational agents. 


Invited speaker at Postgraduate Course, Freedmen's Hospital, 
Washington, D. C. 
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Serial No, NCI=-808(C) 
lL, Endocrinology Branch 
2, S&edecrinology Service 
PHS-NIH 3. Bethesda, Md. 
individuel Project Report 
Calendar Year 1959 


Part A. 





Project Title: Endocrine Factors Governing Hormone-Induced Tissue 
Growth end Tumor Formation in Animals; Bioassay of Blood and 
Urine from Cancer Patients 


Principal Investigator: Dr. Roy Hertz 


Other Investigators: Dr. W. W. Tuliner, Dr. J. Lewis, Dr. H. 
Schwartz, Dr, S. Genuth and Mr. H, Erwin 


Man Yeers (calendar year 1959): Patient Days (calendar year 195°): 
fotal: 9 Patients 
Professional: 6 Days 
Other: 3 


Project Description: 


Objectives: 1, To gain basic information concerning endczrinological 
and nutritional factors governing hormonally conditioned growth 
and involution in organs such as the uterus, breast and prostate 

which are the frequent seat of hormone-sensitive neoplasms, 


2. To develop and improve bicassay methods for the quantitation 
of hormones in the blood and urine of patients with cancer whe are 
either receiving various forms of hormonal therapy or who present 
unusual hormonal patiarns. 


3. To determine the biological properties of steroid and related 
compounds in terms of their potential usefulness in cancer therapy. 


Methods Employed: Standard methods of biological study are employed, 
These include: 


1, The maintenance of animals of various species on specified 
hormonal or nutritional regimens, 


2. Daily observations of physical and behavioral changes in such 
animals, 


35 ‘Complete autopsy of test animals with detailed weighing and 
ehemical anelysis and histochemical study of specific organs. 


4, Surgical alteration of the endocrine status of animals by 


gonadectomy, adrenalectomy, hypophysectomy, thyroidectomy, para- 
bicsis, hysterectomy and other operative procedures. 
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Major Findings: 1, (a) Four strains of husan choriecarcinoma have 
now been established as heterologous transplants in the hamster 
cheskepouch, ‘Two of these strains no longer require prior cor- 
tisone administration tothe hamster, Each of these tumors grows 
rapidly for 2 to 3 weeks and then undergoes necrosis, liquefaction, 
end total resorption during the ensuing week or two, Continued 
cortisone injection does not protect the tumor from the hest 

reaction, Histologically the tumor tissue contains both syncytic- 
trophoblast and cytotrophoblast. The tumor cells are highly pleo- 
morphic, The tumor tissue is riehly vascularized and cone may 
astimate that at least half of the tissue mass is made up of newly 
proliferated endothelial channels filled with blood cells which 
ere clearly of host origin, There is abundant mitotic activity 
but in no instance have metastases or even invasion through the 
cheek-pouch been observed. 


(b) The endocrine properties of the transplantable choriocarcinoma 
are very striking. The tumor is productive of large amounts of 
chorionic gonadotrophins, This is readily detectable in the tumor 
tissue, in the plasma and in the urine cf the hamster, However, 

it is undetectabie in the animai’s peripheral tissues such as the 
liver, kidney, spleen or gonads, It would appear that the chorionic 
hormone has sufficient molecular size to be excluded from entry 
into peripheral tissue cells but cen still be filtered through the 
glomeruli of the kidney, This suggests some selective handling by 
the kidney, Moreover, the absence of demonstrable hormones from the 
gonads, even though the latter show marked trophic response to the 
hormone, presents e parsdox, Mereover, neither slices nor homo- 
genates cf the tissues mentioned inactivate the hormons upon incu~ 
bation at physiological pH for 4 hours at 37,5°C. This systen 

may be expected to provide much additional material for study of 
the biosynthesis, distribution, fate and mechanism of action of 
this vital hormone of normal and abnormal pregnency. 


(c) Appropriate studies have indicated that, unlike normal. 
placenta, chorlocarcinoma is not productive of detectable amounts 
of estrogen, progesterone, cor corticoid, 


{d} A hamster in which a choriocarcinoma tumor has become re- 
sorbed completely resists reinoculation with the seme tumor strain, 
The serum of such a resistant hamster will inhibit the tumor from 
taking in a previcusly uninoculated hamster, thus demonstrating 

the passive transfer of immunity te a heterclogously transplanted 
tumor, That this is not the effect of non-specific anti-human 
serum is shown by the failure of potent anti-hmman-globulin rabbit 
serum to transmit such resistance to tumor inoculation, However, 
much needs to be done to clarify the true nature of this interasting 
effect. 
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Major Findings {con't.) 


In collaboration with Dr. Bosicevich of RIAID we have failed to 
demonstrate any significant human antigenicity of choriocarcinoma 
tissue when administered in Freund's adjuvant to the rabbit or 
by tumor implantation in the hamster, These tests for anti-human 


substance were carried ont » complement fixation, Ouchterlony 
plate and by Bentonite flasulation, I% would seam that this | 


primitive embryonal tissue lacks the capacity to induce enti- 
human antibodies in the rabbit and hamster and yet can impart 
tumor resistance in the hamster, The data are suggestive of a 
tumor-spe@ifit resistance factor not related to orthodox anti- 
bodies, Further studies are in progress to identify this factor. 


{e) The availability of one of these tumor strains on a weekly 
turnover basis has permitted the development of a chemotherapeutic 
screening procedure against this strain. A wide variety of hor- 
monal agents of estrogenic, androgenic, progestational and corticoid 
type have been found not to affect the normal growth rate of the 
tumor, This strain was derived from a nethotrexate-resistant 

~patient but the transplanted tumor exhibits a moderate sensitivity 
to methotrexate in sub-iethal doses, 


The periwinkle plant, Vinca rosea, has been found to contain 
several ingredients of alkaloid type which are highly inhibitory 
to the tumor, the most potent of these being now identified as 
Vinealeukoblastine and Leurosiae. Helated alkeloids derived 

from this plant such as Lochnerine, perivine, reserpine, catharan~ 
thine, and vindoline are totally inactive at toxic dese levels. 
“These observations have been extended to the therapy of human 
choriocarcinoma (cf, 803). 


In addition an extended series of unrelated alkaloids have been } 
tested, all with negative effects, — , 


(f) A tissue culture laboratory has been developed and numercus 
methodological problems worked out, Choriccarcinoma from the 
hamster has been successfully planted in roller tubes and T-flasks. 
Hormonally active supernatant fluid has been repsatedly recovered. 
Quantitative studies have been undertaken to determine rates of 
hormone~production in vitro, These in vitro systems will provide 
excellent material for analyzing the nutritional and environmental 
requirements to hormone formation and the relation of hormone 
formation to cellular proliferation end differentiation. 


2. Chorionic gonadotropin has been identified only in the horse, 
monkey and chimpanzee, In the Macacus rhesus monkey we have found — 
detectable levels in the serum and urine during pregnancy only 
between day 20 and day 35 following timed mating, The hormone then 
abruptly becomes undetectable even in extensively concentrated 
plasma or urine. it is also absent from peripheral tissues such 
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Si ‘Metor Findings (con"t,) 


we as Liver, kidney and spleen throughout pregnancy. “Although it 
is readily detectable in the fetal chorion as long as the peri- 
pheral plasma rewains positive, it is no longer detectable in 
this tissue which is usually regarded as its site cf formatica » 
after day 35 of pregmancy. It is possible that it is present 
in a form which becomes unavailable to the test rat or mouse, 
It is algo possible that--the levels may fall below that de- 
teetable by our current assay methods, Further attempts at 
concentration of large pools of plasma and chorionic tissue 
late in pregnancy will be undertaken, since the period of de- 
tectability in the monkey corresponds to the peak of quantitative 
output in human pregnancy. In ths human, however, easily detectable 
levels BE throughout pregnancy, 


The presence of hormone from day 20 to day 35 of pregnancy in 
monkey plasma and chorion has provided a tool for the evaluation - 
of survival capacity of ectopically transplanted chorionic tissue 
in this species. Since these matings are not brother to sister 
it was deemed desirable to attempt to depress the maternal"re- 
sistance” to ectopically placed chorionic tissue by prior irradis- 
tion of and cortisone administration to the mother which was to 
receive her own chorionic villi, Verious routes of dispersicn 
- of villi have been tried in a total of 12 such pre-treated pregnant 
_. monkeys, but all have been directed toward distributing the villi 
a ! Shroughout the pulmonary bed via the right heart. In no instance 
has there been hormonal or histological evidence of a take, In 
fact, no villi have ever been recovered at subsequent autopsy 
after periods renging from 30 to 150 days. Thus our attempts 
to experimentally reproduce hormone-producing ectopic villi with 
potential malignancy have met with complete failure -this far. 


3. .Further studies on the biological properties of humen chorionic 
gonadotropin have been directed toward the development of mors 
sensitive and less laborious methods for bioassay, One of the 
initial effects of the hormones is to produce an ovarian hyperemia 
which is grossly visible but not quantitatively assessable by 

the naked eye, Radioicdinated human serum alcumen has besn found 
to inerease in the hyperemic ovary at a rate which is proporttonat 
to the amount of chorionic hormone administered. This provides 
inereased sensitivity over the mouse assay and with vroper ato- 
matization may provide a very practicable method for the numercus 
assays which our clinical and biological work requires, The 
initial data are encouraging and further efforts toward the de- 
velopment of this assay are being pursued, 


4. Previous studies have indicated that the ovary of the rat anc 
rabbit undergo a substantial degree of differentiation and grevth 
prepubertally, This process is pitultaryjdependent sines it will 
progress normally in ovarian grafts in hypophysectomized male or 
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Major Findings (con't.) 


female hosts, We have attempted to determine the rcle of ths 
hypothalamus in this process, Extensive hypothalamic destructicn 
in the rat is without effect upon pre~puberteal gonedel development. 
Furthsr studies of possible neural factors involved in this process 
are in progress, 


5, Further studies of the functional], potential of pituitary 
grafts in hypophysectomized rats show thet these ectopic glands 
proedues ACTH, growth hormone, and gonadotropin without hypotialamic 
regulation, 


6. The Dunning rat leukemia which has previously been carried 
in Fischer rats hes been successfully adapted te the Sprague- 
Dawley rat and is now in the 70th tranefer generation in this 
strain, It hes developed increased “virulence® with this 
adaptation since it kilis in 7 ta 9 days in the Sprague-Dawley 
strain and in 14 to 17 days in the Fischer strain. 


This tumor is sensitive to methotrexate and to hydrecortisgons. 
Combination studies have clearly shown that hal?—aeximealiy 
effective doses of each of thease drugs ars not at all additive. 

Hence it is clear that each of these agents produces its inhibitor oy. 
effect by a distinct mechanism, 


{t has been shown microbiclogically that biotin deficiency impeir: 
the capacity of numerous microorganisms to synthesize felis acid. 
Attempts have been made to determine whether biotin defisiency in 
the leukemic rat will reduce the requirement for methotrexate for 
maximal inhibition of tumor growth, No such relationship could 
be demonstrated nor did the partiel biotin deficiency produssd 
by egg-white diets impair the growth of the tumor significentiy. 








7. We have found that if an immature females rabbit is first 
treated with one-tenth of the effective dose of follicle- 
stimulating hormone for 10 days, then subsequent administration 
of even excessive doses of the same hormone preves totally 
ineffective. This we have calied a desersitisation shenomencn, 
Further studies have indicated that crtisone blocks this da- 
sensitization phenomenon whereas antihistaminics do act do so. 
This suggests a possible imaune mechanism and further experiments 
will help to elucidate this problem, 


Proposed Course of Project: it is expected to continus and extend 
the foregoing studies along the lines already indicatsd. 


Part B included. 
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: Calendar Year 1959 


Part B. Honors, Awards, and Publications 





Publications other than ebstracts from thia project: 


1, Goodman, A, D.: Effects of Pantothenate. Deficiency and of 
Omoga-Methylpantothenate on Rat Corticosterone Sesretion, 
Federation Proc, 18: No. 1, March 1959. 


2. Hertz, R.; Choriocarcinoma of Women Maintained in Serial 
. Passage in Hamster and Rat. Proc, Soe, Exper. Biol, & Med. 
102: 77-81, 1959. 


3. Hertz, R.: Growth in the Rypophysectomiszed Rat Sustdned by 
Pituitary Grafts, Endocrinology (in press). 


\ 


Honors and Awards relating to this projects 


Dr. Roy Hertz 


Elected member of the Research Advisory Council of the American 
\Ganeer Society for a term of 5 years. 


Member, Endocrinology Panel of the Cancer Chamotherapy National 
Service Center. 


Participated in conference on The Biological Activities of Steroids 
in Relation to Cancer, CCNSC, Vergennes, Vt., September 1959. 


Guest speaker, Southwest Section of American Asseciation for Cancer _ 
Research, Inc, (Noble Foundation), Ardmore, Oklahoma, Ceteber 16, 1959. 


Chairman, Panel on Endocrine Aspects of Cancer Palliatien, Annual 


Postgraduate Assembly of the Endocrine Society, San Francisco, Ca 
lifornia, November 1959. 
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Project Title: Pharmacological and Physiological Studies on 


Alteration of Endocrine Function in Animals, 


Principal Investigator: Dr, William W, Tullner ‘ 


Other Investigators: Dr. Roy Hertz 


Man Years (calendar year 1959): 


fotal: 3 1/4 
Professional: 1 
Other: 2 1/4 


Project Description: 


Objectives: 1. To evaluate selected synthetic compounds for the 


ability to alter endocrine sseretions in order to explere the 
potential usefulness of such compounds in the control of endo- 
crine tumors. To develop and improve biological and biochemical _ 
methods of steroid determination. : 


2. To investigate the mechanism of action of compounds which 
inhibit steroidogenesis employing quantitative ani qualltetive 
methods for determination of alterations in the intermediate and 
final products of steroid biosynthesis. 


3. To investigate the interrelstionship between the aaterior 
pituitary, adrenal cortex and the reproductive system particulariy 
with respect to the secretion of androgens and estrogens by ths 
edrenal cortex. 


4. To induce adrenal cortical tumors in laboratory animals for 
the purpose of studying steroid production cf such tumcrs and 
means of inhibiting tumor growth, 


Methods Employed: Normal healthy animals were used la these experi- 


ments, Steck diets were used except fer special post-operative 
reasons or experiments related to nutritional effects on hormone 
secretion, 


Both standard surgical techniques and those which have been de- 
veloped for these studies have been employed, These include 

adrenal vein cannulation, hypophysectomy, adrenalectomy, orarisctomy 
and endocrine organ transplants. 


Standard chemical methods were used for the quantitative assey of 
stercid hormones, 
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Major Findings: 1, The following findings are baged on pharmacolo~ _ 
gical studies with o,p’ DDD (2,2~bis(2-chlcorophenyl-4-chlorophenyi j= 
1,1-dichlorcethane) . a 


A, In oux previous experimental studies, the problem of incomplete 
absorption wes frequently associated with the oral administration 
of fat-soluble compounds such as o,p° DDD. This has led to days- — 
lopment of a suitable vehicle for the intravenous administration 

of such compounds (Publication No. 3). 


Using this intravenous method for the investigation of the effects 

of o,p* DDD in several series of dogs, it was found that efter 

48 hours of treatment. the rate of secretion of adrenal cortical 
L7=hydroxy stercids decreased markedly, Preliminary observations 
indicate that there is also a profound reduction in seerstion rates 
of corticostercne and aldcetercne so that with respect to the major 
end products of the dog adrenccortical bicsynthstie pathway, she 
effects of this drug resexble those following the disappearance 
of adrenocorticotropin after hypophysectomy, However, in no | 
instance could this inhibitery effect on adrenocertical steroid 
output be reversed by advenocorticotropic hormone indicating that 
the drug acts directly on the adrenal cortex, Intravencus studies 
with o,p' DDD are heing conducted currently to determine: effe 
of time - dose alterations as related to inhibition of adrenocertics 
function; methods for increasing concentration of the compound per 
unit volume of vehicle; and its distribution in the bedy tissues of 
the dog. 









The development of an intravenous eauleion containing o,p"DDP 
makes possible acute experiments which may elucidete the mechanian 
by which this drug exerts its action, Several adrenocorticel © 
metabolites are to be tested for their ability to block the inhi- 
" bitory action or reverse the pharmacological effects. We propose 
to investigate the effects of mevalonic acid, squalene, cholesterol! 
and pantothenic acid as related to the adrenocortical inhibitery 
action of o,p!’ DDD. 


B. Since a method has been devised for the intravenous edminis- — 

tration of fat-soluble compounds, it has been possible to bagin 

the evaluation of other analogs of DDD particularily with respec 

to the action of these analogs on the adrenal cortex, In acute 
studies on the dog, it was found that difluorcdinitrodiphenyi~ 

dichloroethane inhibits 17-hydrexycorticosteroid secretion, Poway 

comparisons with o,p' DDD are underway and other halogenated a: : 

are to be tested in an effort to find compounds of greater potency. 










C, Previous investigations of the acute pharmasclogic action cf 
orally-administered 0o,p' DDD in the dog have been extended (Publica- 
tion No, 1), Within 24 hours after a single ora) dese of the drug, 
there was a complete suppression of 17~hydroxycorticostercid out~ 
put although there vere no apparent histological changes in the 
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Mejor Findings (con't) 


adrenal cortical tissues, Exogenous adrenocerticotrophic 
hormone did-not reverss this acute inhibition of adrenccortical 
~ secretion, 


D, A series of dogs received chronic oral treatment with 

o,p" DDD for pericds up to 90 days. After 90 days, the cell 
architecture of the adrenal cortex was completely destroyed. 

In animals that. died in apparent adrenal insufficiency as leng 
as 3 months after cessatien of treatment, there was no evidence 

of adrenocortical regeneration such as we had previously observed 

at intervals following 3 weeks treatment at a comparable daily dose 

level. 


e E, Chronic, oral administration cf o,p’ DDD to the rhesus monkey — 
{Macacus rhesus) had no observable effect on adrenocortical functicn. 
Adrenal venous blood levels of hydrocortisone of treated aninals 
were within the normal range. There was ao evidence of histological 
alteration of the adrenal ccrtex. 


Although Nelson and Woedard had reported that treatment with 
technical DDD produced no histological changes in the rat adrenal 

cortex, early functionsl effects, without concomitant hietological 

change as observed in the dog, indicated that the problem warranted 
reinvestigation especially with the potent isomer o,p’ DED, Follow 
ing chronic oral treatment with o,p’ DDD, the edrenal secretion of 
corticosterone of the treated animals was not significantly differen. 
than in untreated animals, enh 





The above findings in the monkey and rat further exphasize the 
marked species specificity of this compound. 


2. Ina continued investigation of the endecrine effects of 
diaminodiphenyl compounds, studies were limited to diaminodinhenayl- 
methane (Methylensdianiline) (Publication No, 2), In the castrate 
female rat, chronic treatment with thie compound produced adrenal 
hypertrophy, uterine enlargement and was goitrogenie, Histologic 
the adrenal cortex showed marked lipid accumulation. In the dog. 
acute intravenous administration of dieminodiphenylmsthane produced 
a 7 to 8=fold decrease in l?-hydroxycorticoid output 5 minutes after 
administration, This decrease was accompanied by a concomitant 
transient increase in blood pressure. in the immature female 
rabbit, this compound elicited a progestational proliferatica of 

the endometrium which was shown to be adrenal<-dependent. In this 
respect, the compound is three times az ective as emphenone. 
Adrenalectomy as well as either cortisone or corticosterone-treat— 
ment blocked the progestational effect of dieminodiphenylmethane. 
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Major Findings (con"t,) 


However, there was a lack of progestational response te the 
compound when the rabbits were not primed with estrogen. With 
the exception of the pressor qualities and a lack of anesthetic 
action, the effects noted above are similar to those of amphenone 
(3, 3-bis (p-aminophenyl)-2-butanone}. These findings demonstrate 
that the methyl ketone structure of emphenone is not essential for 
the endocrine responses cbserved, Because of toxicity, no further 
studies are planned with this compound although the possibility of 
obtaining less toxic structurally-related compounds is not being 
overlooked inasmuch as the symmetrical diphenyl stricture is common 
- to several potent inhibitors of adrenocortical enzyme systems ic 
laboratory animais and man. 


3, Studies on the interrelationsling of the anterior pituitary, 
adrenel cortex and reproductive system have been continued. © 


A. The problem of sex hormone secretion by normal adrenocortical 
tissue and the relationship of adrenocortical secretion to the 

_ state of -the reproductive system requires clarification, Pre- 
liminary experiments, in which rat adrenal glands were transplanted 
under the kidney cepsule of castrate males contiguous to homoLogou 
trensplants of seminal vesicies from other castrate males, indi 
a degree of androgenic stimulation of the seminal vesicle secre 
epithelium, It is proposed to determins the role of the anterio 
pituitary trophic hormones in this system, beginning with injectio 
of whole reat pituitary extracts followed by combinations of adrreno- 
corticotropin and the gonadctropins, 





B. Although the uterine endometrimm requires pretreatment with 
estrogen to obtain the optimum respenss to progesterone, it hee 
been observed (Hisaw et al.) that high doses of progesterone slone 
can induce progestational proliferation of the rabbit endometrium, 
In order to determine whether adrenal estrogen secretion might be 
sufficient to induce the response to progesterone alone, adrenal 
ectomized rabbits were treated with Dieser onee Progestational 
proliferation of the endometrium oceurred in the absence of the 
adrenals indicating that estrogenic hormone secretion by the adrenal 
is not a factor in the diract action of progesterone, 


Chemical characterization of the adrenal compounds responsible 
for the progestationeal actions of emphenone and diaminodiphenyl- 
methane is also a part of the proposed course of thess studies, 


4. Development of a direct method for the assay of adrenocortico- 
tropic hormone (ACTH) was undertaken, Using the acutely hypophy- 
sectomized rat, it was found that the adrenal secretion of Gortico= 
sterone was a sensitive indicator of injected ACTH at low dese leve 

A similar method was described at the meetings of the Federation one 
American Societies ‘for Experimental Biology (Lipscomb and Nelson). 
These studies have not been pursued further. 
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Major Findings (con't,) 


5. Because the current eunerinents on the induction of adrenal 
tumors in the dog are of a long-term nature there is no evidence 
at present as to the success of experimenta initiated within the 
past year, Pcstnatal ovariectomy of several litters of puppies 
has provided a series of animals which will be examined for — 
adrenal pathology in the coming year, Likewise, a series of dogs 
received intensive chronic dosca of o,p* DDD which were adequate 
for destruction of adrenocortical tissue, Treatment was concluded 
and after several months, biopsies will be taken to determine 
whether the rapid regeneration of adrenccortical tissue following 
drug treatment has resulted in celinlar alterations. 


pn tice medical = gram of the Institute. 
Basic uaderstanting of the functional interdependsnes of the adrenal 
cortex and the reproductive system and their respective steroid bic- 
synthetic patterns add not oaly to our knowlsdge of normal function 
but also provide information needed for the pharmacclogic control 

cf abnormal growth and secretion, Compounds such as those reported 
here, which are highly selective in altering the function of endo- 
crine tissues, offer a possible means for control of endocrine 
cancer. 


Proposed Course of Project. It is expected that the above studies 
will be elaborated and continued as already indicated under 


Major Findings. 





Part B included. 
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Serial No, NCI-810 
PHS-NI Endocrinology Branch 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 
Publications other than abstracts from this project: 
1, Vilar, 0. and Williem W. Tuliner, Bffects of c,p'’ DDD on 


Histology and 17?-Hydroxycorticoid Output of the Dog Adrenal 
Cortex, Endocrinology 65: 80, 1959. 


’ 


2. Tullner, William W. Endecrine Effects of Methylenedianiline 
in the Rat, Rabbit, and Dog. Endocrinology (in presa). 


3. Tullner, William ¥, and Roy Hertz, Effect of Intravenous 


o,p" DDD on Plasma 17-Hydroxycerticoid Secretion in ths Dog. 
Endocrinology (in press). 


Honors and Awards relating to thia project: - 
Elected Member of American Association for Cancer Research. 
Results obtained from this research project were presented +o 
the following professional groups: 
1, The Endocrine Society, Atlantic City, N. J. June 1959. 


2. The XkI International Gongress of Physiclogical SeLences, 
Buenos Aires, Argentina Angust 1959. 
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Serial No, HGi-Si3 


Badocrinolesy Branch 
Endocrinology Service 
s 

Bethesda, Ma. 


Project Title: The Preparation of Crude Natural Extracts of 
Hormonal Activity from Urine and Serum and their Purification 
and Physical-Chemical Characterizations. 


Principal Investigatora: Dr, Ralph A, Reisfeld, Dr. Rey Hertz 


and Dr. Gharlies F, Nadier 


Cooperating Units: Laboratory of Biochemistry, NCI (Dr. Es As 


Peterson) 


Man Years (calendar year 1959): 


Total: 3 
Professional: 2 
Others 1 


Project Description: 


Objectives: To obtain crude preparations of chorionic genadotrepic 
hormone from the urine of pregnant women and cf woman with tropho- 
blastic tumors, Purification and concentration of these hormones 
folicwed by chavacteriszation of their physical-chamical. properti 


Comparison of these properties of the gonadotropic hosmones to ce- 


termine whether or not there is a chemical difference between 
hormones with similar biological properties but cht¢eined fron 
normal and cancer sources, rssnectively. 
be of interest to determine as many phygicel-chemical sharact 

ristics of this hormone as possible since this could ultimately 


iead to a chemical. eeeey, method which has “bsen so far unsvailabis- 





STuaeiexteastel and fractionated according to the techniques of 


Sober and Psterson, 


Ss 


Furthermore, Lt. oul? 


1, Tumor tissue from patients with choriocercine 


ry 


2. Gellular fractionation of freshly prepared choriocarcinons 
tissue recovered as heterologous transplants from hamsters was 
carried ont by the techniques of Hogeboom and Schneider. 


3. Urinary concentrates were prepared following apprepriate ed- 
sorption and elution procedures as prescribed by Prs, Sober and 


Feterson, 


Bo 


4. Bioassay of these fractions and concentrates were carrisd cut 


by the mouse uterine weight method. 


800 


ier 


PRES 








Ea 


Major Findings: 1, The fractions from tumor tissue have besn 
chemically and biologically characterized (Publication No, 2). 


2. Preliminary data indicate that most of the hormonal activity 
of the tumor cell is in the small granvler fraction with little 
in the supernatant fraction. No activity 1s detectable in the 
remaining cellular fractions. 


3. Further chemical characterization of the chorionic hormone 
as recovered from the urine of tumor patients suggests some 
chemical differences from-that obtained from normal pregnancy 
urine (Concentration of Gonadotropic Hormone from the Urine of 
Patients with Trophoblastic Tumors, R. Reisfeld and R. Herts, 
abstract presented et mestings of the American Chemical Society, 


September 1959). 
ace to the Program of the Institutes: The availability of 


‘Signi fican ) £0 Je . 
non-toxie concentrates of naturally occurring hormonally active 


substances or of inhibitery anti-sera capable of neutralising 
such endogenous biclogical sffects in the cencer patient would 
permit therapeutic investigations along lines now neglected as 
a result of the emphasis on synthetic compounds. 





Proposed Course of Project: Extension of these studies along the 
outlined above are projected and will be executed as appropr iat i 
personnel becomes available. 





Part B included, 
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PRS-NiH 
Individusl Project Report 
Calendar Year 1959 
Pert B. Honers, Awards, and Publications 
Publications other than abstracts from this project: 
1, Nadler, Cherles F. and Reisfeld, Relph A.: Gonadotropic 


Hormone Distributicn in Protein Extracts of Trophoblestic 
fumors in Man, J. Lab. & Clin. Med. (in press). 
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Part A. 


Project Title: The Preparation and Evaluation of Biotin Antagonists 
in the Study of Biotin Metabolism as an Approach to Cancer, 


Principal Investigator: Mr, Frederick G, Dhyse 


Other Investigators: Dr, Roy Herts 
Men Years (calendar year 1959): 

Totel: 3/4 

Professional: 1/2 

Others 1/4 


Project Descriptioa: 


Oojectives: The principal cbjectives of this preject are to devalop 
and prepare biotin antagonists that are particularly effective 
in producing deficiencies of this vitamin in laboratory animals 
as well as in miercbial systems, A possible route of application 
of such deficiencies to cancer studies is described under “Sig- 
nificance to the Program of the institute,” Furthermore, appro- 
priate antagonists are to be used to "block" certain biochemical 
reactions involved in the study of Blotin Metabolism in bacteria. 


Methods Employed: Biotin antagonists are prepared by organic chasical 
synthesis or isolated from natural sources, and evaluated by alero-= 
biclogical assay and biclogicai testing in rats and mice, 


Major Findings: Further testing of Biotin Sulfone and ¥(3,4-Ureylene- 
cychlchexyl) butyric acid on rat leukemia did not result in sig- 
nificant inhibition of such leukemia, 


Excess biotin, (above that required for maximum growth), added to 
cultures of L. arsbinosus was found to give rise te a five-fold 
increase in secretion of folic acid by this organism into the 
surrounding medium, The folic acid was measured after 3 days 
incubation of L. arabinosus and at constant levels of maximum 
growth, It was expressly noted that excese biotin did not in- 
erease the growth responses of the folic acid assay organisn 

(L. casei), This effect seems to be specific for biotin-felic 
insofar as tested since an excess of pantothenic acid or ribo- 
flavin did not cause a significant increase in the secretion of 
folic acid by L. arabinosus. 
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Major Findings (cont.) 


fhis folic increase was found to take place only in the frac 64,3, 
elaborated into the medium and not in the colle, where the pele 
acid content was found to be constant. Furthermore, this folic 
acid secretion was found only when the excess biotin was added 
at the start of incubation or within 24 hours thereafter, Biotin 
added after lL, arabinosus had attained maximum growth did not re=- 
sult, in any increased folie secretion. 


These findings are of particular interest because of a previous 
report in the litersture suggesting that biotin may be reavire 
for the tissue synthesis of folic acid in-the rat, 


. A deuterium derivative of. y(3,4-Ureylenscyclohexyl) butyric acid, 
---(UGB) prepared by substituting deuterium for hydrogen ges in the 
' gatalytic hydrogenation process by which JOB is usually prepared, 
did not show a significant increase of aot oe activity. over 
that of the regular UCB. ~ 






gi! ie he ‘Program of the Institute: Evidence from the lite~ 
rature indicates biotin may be required for the tissue synthesis 
of folic acid, and findings presented in this report show « 
positive effect of biotin on the synthesis of folic acid in micro- 
organism, In view of the relative auccess of folic antagonists 
in the treatment of cancer, ani because of the drug resistance 
later developed to such treatment, an appropriate ceaiabiter of 
biotin'’s role in folic acid synthesis might make present treat- 
ment with anti-folics more effective. 


Proposed Course of Project: 1, Further study of the relationship 
' of biotin to the biosyntheezis of folic acid in microorgenisas. 
Development of antagonists to bietin and to intermediates in $i 
particular biotin-folic function, Extensien of such studies to 
laboratory animals for investigations of ths possible tissue 
aynthesis of folic acid. | 


2. Evaluation of biotin antagonists, and also antimetabolites 

of certain biotin witemers in microbiological systems where druz 
resistance has been developed to anti-folics, Extension of suck 
studies to vats and hamsters with tumors resistant to methotrexate. 





3. Separation and isolation of the biotin vitamers described in 
a publication of previous findings in commection with this project. 
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Serial Ne. NCI-4-709 (c) 
1. General Medicine Branch 
2, Ghemetherapy Service 
3. Bethesda 
PRS- NIK 
Individual Project Report 
Calendar Year 1959 


Project Title: The Chemotherapy of Acute Leukemia 
Peincipal Investigators: Emil J Freireich and Emil Frei EIY 
Gther Investigators: 4. Sehroeder 


Cooperating Units: Clinical Pharmacelogy and Experimental 
Therapeutics Service 

Jefferson Medical College 
Walter Reed Army Medical Inatitute 
Jackson Memorial Hospital 
Medical College of Virginia 
Roswell Park Hemorial Hospital 
Boory University 
BowmaneGray School of Medieine 
Mount Sinai Hospital, New York 
Philadelphia Children's Hospital 
Mayo Clinic 
Dartmouth University Hospital 


Man Years (calendar year 1959} Patient Days (calendar year 1959) 


Fotal: 7 
Prefessicnal: 5 
Other: 2 


Project Description: 

Objectives: 1. To study quantitatively the optimum usefulness. 
of drugs that are known te have activity against acute leukemia. 

2. To discover and test im humane new chemical compowds 
which can alter the course of juice scusciua., 

3. To study the effects of these compounds on the host. 

4, To test the usefulness cf animals and other sereening 
techniques by the collection of quantitative clinical data. in man. 


Methods Ruployed: 


41. Gase Material: All patients referred to the Clinical 
Genter with the diagnosis of acute leukemia sre admitted to the 
study. In addition there are 12 hospital units other than the 
NCI participating im most of the below mentioned therapeutic triais. 
2. Criteria: Objective eriteria for the evaluation of 
disease activity have been develeped and applied. Their applicabi- 
lity and meaningfullness is under continuing scrutiny. 


Part B included YRS 


papers. 2 

Wap nye dean Bhat 

fe Ne lang 
‘reais 


mee 
; 
Ay Chon 


We 


; rn) 
Ve aah 
re 


us 
ue 
miu 


De th 
\ Piakswat 
oe, Pike { 
+ aR Tat 


ie * Mere 
‘nad ‘ onl Wee 
iu HL ~ igh Shep at 
Wes 7 


pile il ge: 
Maal 


i 
iar nat 
he a bo Be 


tat 


hae yeaa 


nee 
Vide 


‘i ; 
Har 0 oa ney a, 
Fete ee 


‘ 
oo 


Oak 
piven a 


ah tt 
Bike 


Alpe teh 


i) 

Pal ig 
‘ee 
ane 


oo Bias | 


mig, 
y 


ie 


tine 
PUB: 


x 
eA 


NOR 
| 


han thy 
Pgh 


ay 
pu 


i 


Nae (hm 


pea 
Males 


ry a 


nytt et 
Vein 
ay 


iy 
nif 


ila 


Wir NP aee ues, (Pr) 
Ai “Ah iy. 4 sean ven 


ae 
AY yy a Tm 
0) ea A 
4 t 
Maly fray 
ane 
i eaphiia itty 


Ew 


PO vs 
abi 


Nine 


i yes COT Ce 
ies orn 


mA tS 
Mahe y 
7 Ae 

aes 


Doniersve 


Te 





Serial No. NCI 4-769 (c) 
Na 


3, Pharmacology: Im cooperation with the Laboratory of 
Clinical Pharmacology, pharmacologic disciplinea are applied to 
the drugs tested. These studies are divided into three major catee 
gories: 


a) Toxicity studies of compound of potential antitumor 
activity given to humans for the first time, 

b} Abserption, distribution and excretion studies of known 
and potential antitumor compounds. 

ec} Amelysis ef the influence of varying desage echedules and 
reutes of administration of antitumor activity and toxicity. 


4. Experimental Design: In cooperation with biestatisticians 
and the Clinical Pharmacology Section therapeutic trials were designed. 
these inelude: 


& Ceoperative comparative therapeutic trial designed to ob- 
tain among other things, quantitative information of the relative 
effects of antimetabolites of proved antitumer activity in man. 


B. Sequential Analysis - New drugs are tried im patients 
with acute leukemia who heve already received conventional anti- 
leukemic therapy. If the pilot studies suggest possible human anti- 
leukemic activity further studies are designed. Initially these have 
been performed by administration of the drug to be tested to all 
patients qualifying. 


Major Pindings: 


1. Pretecol Li - fais is the second definitive comparative 
study undertaken by the group, and im it comparison is made between 
three treatment programs utilizing drugs that are known to kave anti 
leukemic activity. 1) Hethocrexate (MEX) followed by 6-mercaptopurine 
(6-MP};: 2) G-MP followed by MEX; and 3) MEX and 6-MP given in com- 
binaticn. Te date 328 patients have bees entered on this study for 
the entire cooperative growp, 92 of these patients being studied at 
NCI. This study has just been completed, and although final analysis 
has not been completed. Preliminary evaluation of the data on 215 
patients has revealed the fellowing: i. The highest remission rate 
cccurs with combination therapy although this is sot higher than the 
rate with 6-MP plus that with MTX. 2. Re remission rate with eitker 
6-MP ox MEX is not different whem givem as initial therapy or as 
second phase therapy after treatment with the other agent. 3. 6-HP 
alone gives 2 higher remiesion rate then MTX alone whether given as 
initial therapy, or after a previous antimetabolite. 4. The overall 
remission rate fer all programs is highest in children (507%) inter- 
mediate in the intermediate age preup (30%) and low im the adults 
(15%). 5. MEX was essentially inactive in adults (5%). 6. Toxicity 
requiring cessation of therapy occurred between 9 and 25 daya with an 
average of 14 days and was comparable for a1] treatment programs. 7. 
Qualitatively HTX gave more oral ulceration and 6-MP more GI symptoms. 
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Serial No. NCL 4-709 (c} 
oleic 


2. Peetecoel TLZ. - This is the third definitive comparative 
study undertaken by the greup. The objective of thia study is te 
dsvelop a method for the evaluation of mew agents im patients with 
acute Leukemia, esrly in the course of their illmess, before the 
use of 6-MP or MTX. The proposed methed would measure the duration 
of a remission induced by adrenal steroids, to determine whether the 
antileukemic action of a drug can be detected by its ability to pro~ 
lomg such a remission, For this study am ageat of proven activity 
(6-MP} was selected for study. ALl patients in remission from steroid 
therapy receive either 6-MP er placebs maintenance therapy aud the 
duration of remission is measured. To date 59 patients have entered 
the study (11 at NCI). ‘Fhe data have not been analyzed. 


3. Dichlereamethopterin - Following initial texfeity studies, 
a controlled comparative study of dichioroamethopterin and amethopt- 
erin was undertaken in patients lees than 20 yeara of age who had 
received no prior amtifolic therapy. To date, 9 patients have entered 
this study, (3 at NCI). These data have not been analyzed. 


4&4, Gytoxan - Pie compound has been studied by the growp with 
two major objectives: 1. to determine whether the compound fs active 
against human leukemia, and 2. to determine whether dosage schedale 
effects the activity of this compound. In the Li216 mouse leukemia 
and other mouse and rat transplanted twnors cytoxan is highly active 
and activity is changed by alteration cf dese schedule. Te date 96 
patients have entered the study (30 at KCI) 30% of patients have shown 
ebjiective improvement, but in only 13% was this sufficient to qualify 
for partial remission. Bosage schedule (daily or weekly) did not skow 
significant differences although somewhat more improvement was noted 
with the weekly schedule, Toxicity was not significantly different 
for the two schedules. ! 


5. Methyi-glyoxal-big-guanylhydrazone. This compound has been 
studied sauuentially im patients with acute leukemia. 36 patients 
have entered the study (13 at NI). fo dete, no favorable responses 
have been noted, 


6. Wereotine - Phis compound is highly cytotoxic in tissue culture 
but inactive against animal tumors. 9 patients (5 at NCI) have received 
thie compound. No baneficial effects have been noted. 


7. 6sazauridine - This compound is the ribeside of G-azauracil. 
Ye has been studied in 4 patients (2 at NCI}. It has been able to 
produce a fail in leukemic lewkocytes in the peripheral blood, but this 
effect has been transient and feversible despite contiaued therapy. Ko 
neurotoxicity has been noted at doses of 20 eee the maximal dose 
tolerated for 6 azauracil. 
Proposed Course; 2. Protocol ILI may provide the chemotherapist with a 
powerful tool for the study of new chemotherapeutic agents in patients 
with acute leukemia, If so, it will be wtilized as a design for studying 
mew agente, 2. Studias ef 6 Azauridime will proceed, 3. Studies of 
the effect of route of. adwinistration om the action of antifeile compound 
exek as dichleroamethepterin will be undertaken. 
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Serial Ho. NCi-4-709(¢) 
PHS-HI# 


Individual Project Report 
Galendar Year 1959 


Honors, Awards, and Publications 


Publications other than abstracts from this project: 


i. 


Honors and awards selating tc this project: 


B. £., Frei, BE. ELE, Touky, 2. H., Garman, J., 


Sknider, 
Freireich, £. J, Brindley, €. G.; and Clemants, I. Observations 
ex the human toxicity ead pharmacelegic activity of 6-Azauracil. 
Gancer Research, in press. 


NONE 
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Serial No. NCL-4-715 (c} 
1, General Medicine Branch 
2. Chemotherapy Service 
3, Bethesda 
PHS-NIR 
Tadividual Project Report 
Calendar Year 1859 


Project Title: Whe Mechanism snd Management of the Hemorrhagic 
Diserder Assceiated with Acute Levkemia 


Pelacipal Isvestigater: Emil J Freireich, H.D. 
Gther Investigators: L. R. Schroeder, H.B. amd Emil Frei ILI, 4.8. 


Ccoperating Units: Pathological Anatomy, N. I.8., Dr. L. Thowas, 
Bleed Bank, B.B.S., Be. Klimen, Dr. P. Schmidt 


Man Years (calendar year 1959} Patient Days (calendar year 1959} 
Potal: 2 
Professional; 1 
Other: i 


roject Description: 
Gbiectives: a) Fo identify factors responsible for precipitating 
geass Bomrthese in thrombopemic acute leukemia patients. 
b)} fo study the role of the piatelet in blood coagu~ 
lation, and hesostasis. 
e} To improve the therapy of thrembopenic hemorrhage. 


Hetheds Employed: 
at Im vitro and im vive blecd esagulation studies. 
b) Golwos chromategraphy using cation exchange resins. 
ec} Analysis of clinical, laboratory and patholegical 
gata on patients with hemorrhage. 


Majox Findings: 


i, Purification of Thrombin . Purified thrombin is poorly 
soluble. At low iomic strengths amd at ph values below 6.5, the 
protein is irreversibly precipitated. This characteristic has made 
the isolation and eencerntration of sufficient protein fer further 
chemical steady very difficult. Progress hes been made. By epprepriate 
selection of pk and fenic strength values, bateh preparation procedures 
have been improved. These may lead to isolation of sufficient material 
~xrom both bovine and humar sources to allew for further chemical study. 


2. Asmtithroubin thrombia interaction - Human thrombin is 
less stable than Bovine thrombin in both human and bovine. plasma. 
his is true whea thrombin activity is estimated by either clotting 
human, or bovine fabrinogen or by its esterase activity on Tosyi 
arginine methyl ester. For both eayzmes the rate of loss of activity 
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Serial No. NCIe4-715 (c) 
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is a function of concentration of engsyme added. When thrombin 
is added to plasma further conversion of prothrombin to thrombin 
is decreased in proportion te the quantity of thrombin added. 


3. Review of clinical and laheratory data on a group 
ci patients with ecuta leukemia has been undertaken to define the 
relationship of clinical hemorrhage te platelet Levels, fever, in- 
Section, organ size, ete, Prelimiuery analysis indicates that 
platelet Level correlates best with clinical hemorrhage. Hemorrhage 
varely occurs whem pliatalet levels are above 20,000 per ex.an. and 
orsurs more repulearly at leveie belew 5,06¢ per cu.mm. 


Proposed Course of Study: 


i. Studies of purified threxbin and the thrombin anti- 
thrombin interrestion will be continued. The biological activity 
ex the products of this interraetion will be studied. 


2, Im collaboration with the Clinical Center Bleod Bank, 

D.5.5., we have initiated studies ef fresh platelet transfusions {a 
patients with acute leukemia. The platelets are obteined by platelet- 
phoresis from selected donors. This technique may allow for greatly 
increased availability of fresh platelets which has hitherto Limited 
our studies in this area. If this source is an effective one we plan 
to study the effect of prophylactic platelet transfusions on hemorr- 
kage and survival of patients with acwte leukemtfa. 


ratte Sf 
TUN 


i cela 
(eat ny : P vies 
, eG Hae ‘tal i i Bie : * SUT TAN 
Ay : ' j CO acca T 

: AREA Vs 


Bon 


este 
Nannies 

dni oes 
asia Mae eds ARO AME, 

ne Neo ie ; ; SS OAT EEN Ao ; Tho r 

UII Ge ae ee Per init Hanes li Tt j POROUS aN NtO te aD 
ae aera tay: ; ’ f 4 ! ee) ‘ ; ett ioe aT a 
mah Bs A BN) Ti SAE Nie ARUN Leute TAHA acy 
TEN 


ore 


: j r Wn a " Weiter } : Eiek 
ARO Mie ara oer ! Hay nen! AAPOR ey PUN eh a 
Wee munky hy IN At i aa Wh ee i OAUTH ER AL 


4% 
rie, oe 
ies me 


THU e pre A b i iA 
UR he ACL i DD ihe 
PERK : 


Gia warn 


ial) 


oan 
Pan 


ae 


EO : 
A thn UL _ , ¥ Ay, 


ie 
HY 
f 


Hie ON aa 


ab 


NORA 


seat 


z Tipe arin ap mas " OMT har ae 
Meanavvaite Pay eal oo i i 
aan Seat) : Mah 
Ae tat ho Melle 


4) 
Moan 
a ith 


cian 1) 
PY Mraie start) 4 
Aa a 

ean 

Hi! Y 


oki 
a0 a DALE 
oe anne Meanie) 
Ail nah abies 
ASN SN let ae 
Hat 


A) Rie 
Wey 4 


Doran Phy ay ; ' , ; ye ee TOA yu ' i 
aia : : Saleen yatta Poteet : Siar i ae ACR a PE aH } Rat 
y D y wih AEN nN 

Nea ty BLA 
a bie Ney, Ney 
te Pitan ; i hay ih 

Ou Poulan tik nas) ean ci is 

, ) 


Wayeny! 


th nontath 
Hern ; SRM 
eat it 
iret at Neches AM evenly alr 

i AA PMO ke NaH RADDA MUN aR ii HO OMS NATAL Na if 
Nabe i, i , iy NRE , \ i i ; Wann 

RS ANIA! AT het a GLIAL TL 

aN ats ; 
rh 


edie) iin 
oh ya i 
SLSR AR RHEE NB FL 

heat ll i ha 

p a Ur H Uf cath 
RAND aN , IW SHIP Ou HY 
RTA ipa ( NAN Ae KN 
ae Sie 


ais 
avlhe 





% A 
ole 


Serial No. NCI-4-715(C) 


PHS-NIG 
individual Project Report 
Calendar Year 1959 


Part B. Bonors, Awards, and Publications 


IS 


Fritz, &. D., Forkner, C. E., Jr., Freireich, E. J., Frei, E. Jil, 
Thomas, L. The association of fatal intracranial hemorrhage and 
"blastic crisis" in patients with acute leukemia. New Eng. J. of 
Med. 261:59-6h, 1959. 


Preireich, & J., Thomas, L. B., Frei, E. Iii, Fritz, R. D., and 
Forlmer, C. BE., Jr. A distinctive type of intracerebral hemorrhage 
associated with "blastic crisis" in patients with leukemia. Cancer, 
ia press. 
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Serial No. NCI-4-719 (c) 
1. General Medicine Branch 
2. Chemotherapy Service 


i 3. Bethesda 
PHS-NIH 


Individual Project Report 
Galendar Year 1959 
Part &. 


Project Title: A Study of the Clinical Manifestation of 
4cete Levkemia. 


Principal imvestigatora: Emil J Freireich, M.D. and Emil Frei ITI, H.b. 
Qther Investigaters: L. R. Schroeder, M.U., Richard Shaw, H.D., 

Edward Moore, H.B., Dane Boggs, M.D. and 

Arthur Teplitsky, H.B. 
Ceoperating Unites: None 


Men Year (Calesdar Year et) Patient Bays (Calendar Year 195%): 


Fotal: 2 
Professional: 2 
Gther: 0 


Preject Description: 
OQbiectives: To delineate eticlogic and pathogenetic £facters 
of the various manifestations of acute leukemia. 


Methods Employed: The comprehensive application and correlation 
of clinical, hematological, radiologic, chemical, microbiological, and 
bistolegic methods to the above manifestation in patients with acute 
levkemia. 


Major findings: 


1. Meningeal and Central Nervous System Involvement. A 
retrospective clinical~-pathological study of meningeal leukemia in 
150 patients with aeute levkemia has been completed. The clinical 
eyndrome of meningeal leukemia which results primarily from increased 
intracranial pressure was recognized im 25 (17%) of the 150 patients 
studied. It occurs primarily im children with acute lymphocytic 
leukemia. Eight of the 25 patients developed the first evidence of 
meningeal leukemias while in ramission. Review of the Lliteratere in- 
dicates a skarp imersase in the frequency of this syndrome since the 
intreduction of chemotherapy. These data suggest thet the increasing 
importance of this clinical syndrome results from the use of cheno- 
therapeutic agents effective against the systemic disease but relatively 
ineffective against the meningeal invelvement. Study of the central 
nervous system in these patients revealed that the syndrome of meniagsal 
leukemia was associated with a high frequency of fmternal commeni- 
cating hydrocaphalus and with leukemic infiltration of the srachnoid. 


Part B included NG 
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Leukemic involvement of the dura, cheroid plexus or arachnoidal 
granulations was net related te the occurrence of meningeal levkemia, 


2. Natural History of Disease. A review of the clinical 
ecurse of 178 patients has been undertaken, Acute myelogenous Leukemia 
was found in all age gecups while acute lymphocytic leukemia was found 
primarily in childven. (Under 20 years of age}. Only 20% of the 
patients with acute myelogencus lewkemia showed any improvement with 
ekhemotherapy. The reeponse rate for patients with Lymphocytic leukemia, 
however, was much better. More then $0% of the children with acute 
iymphecytic lewkemia responded to chemetherapy. Im contrast only 407 
of the adults (greater then 20 years of age} with lymphocytic lewkemia 
responded, The frequency of response to chemotherapy correlated with 
sutvival of the patient, Medien survival for children with lymphoeytic 
leukemia being li mos., and fer adultes with lymphocytic leukemia, 65 mos. 
Survival alse relared te the extent of remission. Median survival for 
children having a complete remission being 13 mos., and median survival 
for children shewlag mo improvement being 2 months. 


Significance to Cancer Research: The continuing scrutiny and defini- 
tion cf clinical manifestations of acute leukemia is of significance 
te cancer research from msnv pelats of view. This is one of the 
major areas wherein leads to pathogenetic mechanisms may be uncovered, 
in addition, precise observations ere essential to defining the 
natural Ristery ef the disease and this latter is of critical impor- 
tance tc drug evaluation, the mejor effert of cur section. 


Proposed Course ef this Project: 1. Studies of meningeal leukenia 
will be extended by study of bloed brain barrier, ability of chemo- 
Gherapeutic agents and other materials toe enter the €.N.S. Im addition 
a prospective study te assess the frequency and mamagemant of this 
syndrome will be undertaken. 


2, Analysis of data concerning natural history will ba 
eompleted, and further data eccumlated. 


3. Mucleic acid metabolism. The determination in the urine 
of purine and pyrimidine bases as well as nucleosides and nucleotides 
ne a8 " recently become posaible after 3 years of extensive methcdological 
iavestigations carried cut by the Laboratory cf Physiclogy (See their 
Project Report}. Studies in man are mow underway comparing normals 
with petients with untveated acute leukenia,. 


&, Bone lesions. A comprehensive retrespective study o 
the clinical and x-ray manifestations of bone lesions in ecute lew! 2 
was conducted im §5 patients. In 26 of these patients the entire fame 
was removed at astopsy and the pathologic findings correlated with the 
elinical and radiclogical findings. Five distinct types of lesions 
have been encountered and their pathogenesis has been, in part, illuci- 
Gated, 
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Part B. Sonors, Awards, and Publications 


i. 


Moore, E. W., Thomas, L. B., Shaw, R. K., and Freireich, BE. J. 
The central nervous system in acute leukemias A postmortem study 
with particuler reference to hemorrhages, leukemic infiltrations, 
and the syndrome of meningeal leukemia. A.M.A. Arch. of Int. Med. 
In press. 


Zilbish, T. F., Besse, B. E., Lusted, L. B., Daves, M. L., Thomas, 


~L. Bo, and Forkner, €. A. Acute leukemia. A.M. A. Arch. of Int. 
Med. 104: 71-747, 1959. 


i E14 


uae 


; yu 
Be! 

Ih: 
i 


WRN) 


re 
Mt 


us 
i 


aay 


») 


ua 


oa 
sans 


Tiga } 

ane el 
Ags 

Pea Von) 
i 


Bone 


EN a Ins 
if i 


r 
rey 
wee 
Pulimas 
i 


eats AN 

AN yeast 
ayer 
Ae 

AAscu i 

DD 


Vaan 


i Hoe 


i Raine 
Mate 
fy 


ae 


i e 
‘Us RA 
SI, an 
‘ik 
Aya fa 
Witane 


Ap te 
Worm 
iit 


POW y fan 
aaa 
GVA Aan 


SAE RAG 
; ay 
: hy 


i 
1 


te 
AAAS 


q Mey ¢ 
Hae Teh | Y 
imac OR hee 

‘ ue 


hi 
aaa Ne 
TN ies ih 


oy ik 
ns 


bh 
ie tony 


(OTE, 

Wen bay 

Ne MN Wt 

Ma oT G i 
a) babe b On te DAK 
iy De) 

SoM 


ita 


HON AG 
‘Mn 


1 
(ast lent gi 
is a ati 
A Ni ¥A 


i CHAN ON 
sr le ab 
US na ' 
Ayo he 

raat 


¥ 
y 


ay 
uy 
i 
Rehr 


r ; 
Wee ; 
Pe AY iO 
0 Hib 
a 


Hy 


Vts) 


AAW 
AVERSA, 
ete a 


(HU 


Wi 


inne 
Ont 


ray 


wie 


han 
ay 


NAY, 


Wet 
iN, 


JOON 


mena 
Nah 


aie a 

TA, ie 

i i 
Reyied 
pastes 


op 


Wi 

A Narita Af 
UNAS Gum gi 
Me \ i 


My 
; At 
ti ) 
Banos nN 
Banish 
Aer hia 
FIN ee 
aii ten! sie 
Cohniaie 


a My 


ana 
Mi 


i 
Bali 


HM 
iN Deel 


ewe) i 


i 
Ny 
Nau nul 


i 
ne 
Oa (i 4 Wyn 
wee i aah ty 

1 CMA i 

ARERR 
i mi 


Ba Vineet 


u 
ALTAR} Se 


1M 
PM d 
‘i 


Miia 


) 


h 
wn 


iat 
ena 


the 


i 
ti 


v \¥ 
iM i 4 H 


Wea 
ita 
1 _ 


hy 


i 


¥ 


i 
Rat 


py oll 
ats 


Peat 
Hea 
eh NY, 
aN 


+) Ate 

Nu) 
oy on 
aol 


ay 





Sezial No. NCI-4-734 (ce) 
1. General Medicine Branch 
2. Ghemotherapy Service 

3. Bethesda 


PHS- NIH 
fadividual Freject Report 
Calendar Year 1959 


Part Ac: 


Prefect Titie: Asssy of Erythropeietin in bone 
MAPFOwW SuspensLons 


Frinecipal fnavestigatora: L. B. Sekroeder, H.D. 
€. W. Gurney, H.D. 


Ccoperating Maite: Argonne Cancer Research Hospital 
and Department of Medicine, The 
University of Chicago Clinics, 
Chicage, Lllineis 


Man Years (Caleadar Year 1959} Patient Baye (Calendar Year 1959} 
forals 1/2 
Professional: 1/4 
Gcher: 2/4 


Progect Description; 
Gbjectives: ‘fo perfect a simple im vitro essay method for erythropoietin. 


Methods: Suspensiens of living hematepoletie celis from the bone marrow 
ex spleen af suitable desor animals were incubated with radioactive iran ia 
the prasence of test end comtrol plasmas. Celi-bound radieactive iron was 
measured in a scintillation counter. 


Patient Material: Plasme samples from patiente with a variety of hema- 
telogiec disorders were assayed. 


Major Pindings: Human erythropeletin could be aseayed By this techrique 
and the demonstrated activity was independent of the iron content of the 
plasma, Modification of the originally-deacribed assay and rigid control of 
ivon concentration in the test system was mecessary te achieve this result, 
but the additicrzal stepa involved dié not vitiate the utility of the asgay. 
fhe sensitivity of tke assay appeared to be greatly increased by the use of 
hamatepoietic celis from animals whose endogenous ervthropsiesis was suppressed 


Significance to the Program of the Insti¢ute: 


The humoral regulation of bone marrow activity is a basic physiologic 
machanism as yet poorly understood, Knowledge cf the factors influencing 
hone marrow response to strees and disease is famdamental to am understanding 
ef the response to chemotherapeutic agents. 


De 7 BP an 8 on on Baad m9 
Lark & Hot imeauaed 


ope) 


it 
PaO 


i ain Bayt: 
Ay 


ine 
, (ae : 


iG) 
i 
ey hy 


Mihins ye) 
eu 1 pin 


pore 
- an 
Cie 


ha 
fi Magi 

Dae 

ae 


i At 


lat 


WR 


rk 
ane 


Sve 0 “a 
ete iD a J 
aa 


ee ay Piss, i ; it ty 


By ih i ak i Wah 
i tl ae 
Me 7 


Ta 


a) 
9 i Wels Wn nity thy 

} ve At i viet RANE Laut 

a aienert ; f i Ht : i Rg bi ih FEIN Hh a a Hs aa 
ihe H F 


Ory 
Rata pK 





Hin 
VAN 


Sete 


When the assay mathed is veady for application its economy of materials 
and simplicity should permit detailed investigations of erythropoiesis in 
health and disease that have hitherto not been feasible. 


Propesed Course of Project: 


As the major findings are the resuits cf axperiments considered pre- 
liminary and exploratory, taey require confirmation. Upon cenfirmation, 
a detailed study of the kinsties ef the agsay is preposed, followed by a 
cemsarison of this technique with existing assay methods te define its 
aceursey and applicability. 
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Serial No. NOI-4-735 (ce) 
1. General Medicine Branch 
2. Chemotherapy Service 
3. Bethesda 
PHS- NIB 
individsal Projeet Report 
Calendar Year 1959 


Fart A. 


Protect Ficle: ha BSffect of Therapy on the Synthesis of 
Hesouyribenucleic Acid by Leukemic Cells 


Principal Investigators: Br. George Brecker 
Be. L. B. Sekroeder 


‘Gther Imvestigaters: Br. Eugene Cronkite 


Goopevating Units: Hematology Service, Bept. of Clinical Pathelcegy, 
Clinical Center 


Men Years (Calendar Year 1959) 
foetal: 1 
Professional: 3/4 
Gther: 1/4 


Project Bessriptien: 
Objectives: Fo study the rate ef BNA synthesis of leukemic cells 
ef the peripkeral blocd and bone marrow im an in vitre system 


Methods; Iscubation of leukemic cells with tritium- labelled 
thymidine and identification of labelled cells by redieautography was 
used as an indicater of BHA synthesis. 


Patient Material: Multiple peripheral bleod and bene zerrow 
specimens were obtained from patients with acute Leukemia being cared 
for by the Chemotherapy Service of HCI. 


Major Findinge: The synthesis of DHA by leukemic cells continues 
ia vitro for at least four hours with little or no diminution in rate. 
No mew cells enter the synthetic phase of the generative cycie during 
in vitro incubation, and mone divide, 


Tae eddition ef large amounts of labelled thymidine te the systen 
has a0 apparent deleterious effect and permite the preparation cf 
satisfectery autegraphs in less than a week. 


There is no correlation apparent between DNA synthetie activity 
and the usual criteria of cellular imzaturity. 
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There is a wide range in rates of DNA syntheele by leukemic cells. 
In none of the patients’ cells examined did the rate approack what 
might-have been expected, and in no case of leukemia did the rate in 
the cells ef the peripheral blood exceed that of celis from patients 
with infectious mononucleosis. 


Significance to Cancer Research: 


tt is now feasible to explore the effect, if any, of antileukemic 
therapy on BHA synthesis as measured by this system. 


Antieipating suceezs or failure in the treatment of acute Leukemia 
with a specific agent fs wow possible only im a statistical fashion, 
meaningless for the individual patient. 


Lf the effect of therapy om the rate of DNA synthesis by leukemic 
eells is found to predict eventual responsiveneas of the individuai'’s 
disease, it could result in a tremendous saving im time and patient 
morbidity. 


Proposed course cx the project: 
Now that some knowledge of the in vitre kinetics has beem gained, 
the procedure will be used to measure the effect of anti-leukemic 


therapy on cellular DHA synthesis and ettempt te cerrelate this with 
remission of tke disease, 


818 


lh 
hie Avia! 


tien 


Beas 


eine oe 
Loon 


ine 


( 
Me 
uh 


Dicrnt 


ha 


Feteoe 


Wau 


y 


ait 


ve) , a 
Aa TANG > y aut 4 


i 
Mette 


PN aOe 
hou, Dry 
Cy bine 


in ot 


Ayes th 
aay 
Beciuah 


as 


Laas. 
Nea AIP 
a 


Hi 


BO ieteatt 


py 


wi 


Ron 
hh 


ie 
iN 
Penni 


Reni 
Tn tah Ties sans PMH Tyee hy 
A 


sar 
Heh 
Wn 


Bra 
oan 
tii 


abies 
RNA 4) 


“ie 

yu 
yeuitn 

AAA 


uy, 
AY 
aes 


Cheha 
Rae 
Hawise) 


Neng 


un 
oNOTANY 
: 


so a 


Panay 


Sn 
Bay) 


ea 
Ti isan 
tani 


LNG 
fain 
i‘ 


NA 


Vane 


AC) 


Heaniy 8 
feeaty 


AML 
NAGI 


by 


Kee) 
HA 
yeanLe 


anne 
Ani 
AG 


Venus 
i AHI 


PANE i 
HVSIR AN vi i 
MMA Ree 
WG hey i 
NURIA Pau 
ALTA 


mh 
UD 


(ny 
aT 


Meant 

ahs Hyd) 

AY 
ul 





Serial No. NCY-4 736 (ec) 
1. General Medicine Branch 
2. Chemotherapy Service 
3. Bethesda 
PHS- NIH 
Individual Project Report 
Calendar Year 1959 


Part A. 


Project Title: The Demonstration of a Hormone Governing the 
Production of Platelets 


Principal Investigators: LR. Schroeder, M.D. 
Glenn R. Lee, M.D. 
Other Investigators: None 


Cooperating Units: None 


Man Years (calendar year 1959) Patient days (Calendar year 1959) 
Total: 1 1/2 
Professicnal: 1 
Other: 1/2 


Projecé Description: 

Objectives: toa demonstrate the existence in man and animals of a 
hormonal substance which governs the production of platelets by the 
bone marrow, 

Methods: Taxombopenia was produced in experimental animals by 
injections of saponin, by the passage of blood over columns of Dowex-50 
resin beads, by prolonged thrombopheresis through an indwelling vasewlar 
catheter, and by the administration of specifie platelet antibodies. 


Major Findings: 


Severe thrombopenia could be regularly produced by thrombopheresis 
or the administration of platelet antiserum with negligible side effects. 


Plasma harvested at intervals from thrombopenic animale, pocled, 
and administered in large amownt to normal animals resulted in ome case 
in marked megakaryocytie hyperplasia of the bone marrow of the recipient. 
Control plasmas, saline, and plasma from thrombopenic animals harvested 
at different time intervals did not have a similar effect, 


Significance to the Institute: 

Proof of the existence of a hormone governing platelet production 
will add substantially to an understanding of the homeostatic mechanisms 
that centrol bone marrow functiom im the normal. Derangement of these 
mechanisms may have a role in the thrombopenia that is a part of the 
acute leukemias and the thrombocytosis that accompanies chronic myelocytic 
leukemia. 


Proposed course: 


Confirmatory experiments are in progress. If they sepport the 
reported observations, two lines of investigation are proposed, 


Part B included NO Q il 9 
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OPIS 


(1) repetition and expansion of the imitial type of experiment 
to establish the statistical validity of the hormone's existence and 
to define the time-cowrse of its appearance and utilization, as well 
as the threshold and maximum stimuli for its production. 

(2) investigations in smaller experimental animals to develop 
an economical assay that is not species specific. Various maneuvers will 
be employed to enhance the responsiveness of the recipient animals in 
attempting to increase sensitivity and specificity of the assay. 


When the assay syetem is developed, a survey of human plasmas for 
activity will be made. The collection of such plasmas has been begun. 


a 
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Project Title: 


4, Gomparative Trials of Chemotherapeutic Agents in Patients 
with Solid Timzors. 


B. initial Therapeutic and Pharmacological Studies of Chemo- 
therapeutic Agents in Patients with Solid Tumere. 


Prin cirat investigators: Clyde 0. Br indheye BH. 8, and Emil Frei, Tit, 
H. Bo 


Other Investigators: Montague Lane, M. D., Harold Silberman, HM. B., 
James Marsh, M. M., Richard Mechanic, H. D. and 
Haveld Fallon, M. B. 


Cocperating Units: 1) Clinical Pharmacology and Experimental Thera-= 
peutics Service. : 2) The Eastern Solid Tumor 
Chemotherapy Group. 


‘Mam Years (Calendar eer 1959) Patient Days (Calendar year 1959): 
Total: 3 bas 
Profegsionail: 11/2 (2. F. 1/2 year, c. 0. B. 1 yrs} 


Other: Technicians 1 1/2 years 
Froject Ticle: 


A. Comparative Trials of Chemotherapeutic Agents in Patients 
with Solid Tumors. 


Project Description: 


Oejectives: To take part in the Eastern Solid Tumor Chemotherapy 
Group im the application of the principles of the Comparative 
Clinical Trial im the evaluation of chemical agente in the 
treatment of human cancer. The present primary objectives 
of the group are the improvement in the methodology of the 
Comparative Clinical Trial in human cancer patients and the 
use of the Comparative Trial te establish the relative effect~ 
tiveness of selected chemotherapeutic agents in man. 


Part B ineluded Yes [2] No lf 7 
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eB 


ese data can be used to (1) evaluate the correlation between the 

aye ty of these agents im animal tumor screening systems and in 

atients with cancer and (2} to establish cheir relative usefulness 
the current therapy ef human cancer. 


PA 3 fy te] 


Methocs Empioyed: 


These are undergoing continuing modificstion with experience. 
fhe cancer chemotkerapist, pharmacologist and biemetrician operate 
as a unit in these studies. 

1) Patient Selection. The effect of prior therapy and extent of 
éisease on response to therapy is being increasingly defined as data 
from quentiative studies accumulates. For studies involving direct 
SERRE it is desivable co use sensitive tumors (Lymphoma). For 
studies of insensitive tumors recent historical controls may be 
satisfactory. 

2) Rendomication. This will become wore effective as factors ine 
fluencing response to therapy are defined. These factors can be 
quantitatively assayed by regression analysis. 

3) Determination of Effect and Analysis of Data. Standard criteria 
£or fesporse to therapy have been developed. Objective changes in 
tumor size from the basis of these eriteria though symptomatic 
alterations will be recorded and analyzed in parallel. 

Case evaluation with emphasis on quantal as well as quali- 
tative responses has been improved. Evaluated eases will be coded 
on IBM cards, This should allow for rapid and complex interim 
amalyses of studies, a procedure which im the past has been cumberscme. 
In agdition, a complete, up-to-date. analysie of all studies will 
be made et each meeting, This wili be facilitated by the use of 
Status Reports for all patients still on study. 


Hajor Findings: 


i) Thiotepa (TSPA) - nitrogen mustard (HN,) study - The first 
portion of this study indicated that in ee s disease EN, produced 
a somewhat grester remission rate and the remiesions produced were 
significantly lenger. However, as there was some evidenee that the 
dose of EN, im this study was closer to the maximally colerated 
gose, it was decided to obtain dose-response information for both 
TSPA and HN,. it became quickly appareat that the dose-response 
curve was steep, i.e. that smaller doges were relatively ineffective. 
In addition, 4¢ would appear that at maximally tolerated doses che 
therapentic effect of wy and TSPA are similar. 


2) Myeloma Study. The first myeloma study involving the comparison 
of agaserine and a placebo has been completed, Azaserine is inactive. 
In the current study urethane and a placebo are being compared. Ic 
is antieipated that the natural history of myeloma and the place of 
urethane in its treatment {a highly controversial erea} will be 
quantitatively defined. | 
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With this background it is planned to examine drugs that are active 
against mouse myeloma {a disease which is morphologically and 
biochemically very similar ¢o human wyeloma). 

3) X-irradiation and HN, - The place of these therapeutic 
modulities in the exeatment ef lung cancer is inadequately defined. 
fhe relative effect of these agents, alone and in combination, on 
tumor size and survival is being studied. 

4) Lyaphoma Study. Dichlormethotrexzate, methotrexate (both at 
two dose levels} end BH, are being compared in lymphosarcoma, 
reticulum cell sarcoma Bad Redgkin's disease. Preliminary analysis 
indicates that the folic acid antagonists have antitumor properties 
comparable te HN, against lymphosarcoma and reticulum celi sarccma. 
As with aS, the dose response curve is steep. se 
Project Title: B. UInttiel Therapeutic and Pharmacological Studies 
o£ SASSO SNS Agente in Patients with Solid Tumors. 


Objectives: 1} To obtain information on the optimum route and mode 
of administration, toxicity and spectrum of antitumor activity of 
new chemotherapeutic agents in cancer patients. 2) Te explore new 
methods for the determination of growth rate of tumors in man. 


Metheds:; For the first ebjective the procedures are as follows: 
First the writing a protceel fer the initial crial of the drug using 
the deta available from animal antitumor and toxicity trials as 
guides. Tren dese routes and dose levels are explored while obsere 
vations om patient reaction, orgen fumetion and tumor growth rate 
are observed. Drug or tumer metabolic products may be followed. 
When the best reute of administration, the primary limiting toxicity 
ang manimum tolerated dose of an agent have been determined, the 
a ie given in two or three dose levels to patients with a broad 

trum of tumor types while cbservations for antitumer activity 
oe Gaede 

Fer the second abjective serum enzyme levels and cumor 

metabolic preducts are assayed end tumor masses are measured directly 
as patients receive therapy. A correlation between changes in serus 
enzyme levels or tumor metabolic product excretion end changes in 
tumor growth rate are sought. The tumor metabolite and enzyme 
studies invelve the use of the spectrophctometer, radioisoteapes 
and the usual biochemical techniques. : 


Patient Material: For the ex ploracony drug toxicity and antitumor 
effects only patients with cancer or leukemis for whom other more 
conventional therepy offers little prospect of palliation are 
seceptable. For the studies om tumor growth rates, patients with 
many types of cancer and on various therapeutic regimens are inciuded. 
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Major Findings: Studies which have been completed in the last 
year arte as follows: 

1) PFoxicity and Anticumor Trial of Uracil Mustard. 

2) Texicity and Antitumor Trial of Cytoxan. 

3} Toxicity end Antitumor Trial of Monechlormethotrezate. 


1} Yhe optimum eral dose of Uracil Mustard was found to be 0.2 mg. per 
kilogram omee weekly. Intravenous use of this agent was not explored. 
Zt had antitumor activity in Redgkin’s disease, lymphosarcoma and 

the chronic leukemias. Zt caused severe hemcpoletic depression cf 

both laukecytes and thrombecytes and eccasionally very marked gastro- 
intestinel disturbances, 


2) Cytoxan (Cyclophosphamide) was tolerated by most patiente at oral 
doses of 4 ag. per kilogram daily for several weeks. Intravenously | 
the meximum tolerated dese for several weeks was 20 mg. per kilogram 
once weekly. Antitumor activity was seen in lymphosarcoma and ovarien 
carcinoma. The deug depressed the leukocytes relatively mere than 

the thrombocytes. Alepecia was troublesome. 


3) Monochlormethetrexate caused pronounced folic acid antagonist 
toxicity and impairment ef hepatic function et deses of 6.05 mg. per 
kilegrem daily within one to two weeks. 

fa these patients with metastatic eancer in whem the levels 
of the serum enzymes lactic dehydrogenase or ribonuclease were 
elevated, these enzyme levels decreaged significantly when tumor 
regression was brought about by effective therapy. Limitations ef 
these tests as indicators of tumor growth rates are that in some 
terminal patients these serum levels alse fell when therapy wes not 
effective. Tumor growth was being curtailed by nutritional changes 
in these patients. Aise, many patients with metastatic cencer have 
no elevations prier to treatment and subsequentiy no changes in 
these enaymes during therapy. 
Significance to Cancer Research: A necessary preliminary to 3 
clinical trial of a promising agent is a determination of its reute 
ef aéministration, primary side effects and probable optimum deee 
Fange. 





indirect methods of following tumor growth retes would 
fasilitate the trial of new agents in patients in wkom the neoplasms 
are not directly measurable; this is the case particularly for many 
tumors arising from che gastrelatestinal tract. 





Proposed Course of Project Studies now in progress 

1) Yoxieity study on parenterally aduinistered dichlormet otrexate 
end methotrexate. 

2) Amtitumor triale in patients with malignant carcinoid. 

3} Serum enzyme studies in selid tumor patients with measurable 
tumor masses Guring therapy. 

43 Cellular enzyme studies om patients receiving pyrimidine antag- 
onises. 
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Zu 1) above the two drugs are being given parenterally for 

several weeks, in preparation for a comparative antitumor trial 

using the parenteral route for drug administration. In 2) the 
urinary excretion of 5-hydroxyindole acetic ecid is being followed 
as an index of tumor ectivity while patients are given new anti- 
tumor ageats. In 3) these studies are being extended to include 
ether enzymes, glutathione reductase and ribonuclease , in an. 
effert to find one which would be sensitive in gastrointestinal end 
genitourinary carcinomas, In 4) above the cellular enzymes con- 
cerned with pyrimidine metabolism are being studied. The cite of 
action of certain pyrimidine antagonists can phen be sought. 


Ag with the comparative clinical trials continulne efferts 


-are being made to improve our methods of CEASA these [oa EES 
studies. 
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Pas-NTE 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 


1. Lane, L, Petering, H. G., and Brindley, ©. O- Synthesis, 
Pharwacology and Clinical Trial of the Riboflavine Analogue, 
Sodiun-6, 7-Dimethy1-9~(2'-Hemisuccinoxyethy1)-Isoalloxamine, 
U-6538. J. Nat. Cancer Inst. 22, No. 2 349-361, 1959. 


2. Brindley, C. O., Markoff, E., and Schneiderman, M. A. Direct 
Observation of Lesion Size and Number as a Method of Following 
the Growth of Human Tumors. Cancer Vol. 12, 139-146, 1959. 


3; Zubrod, C. G., Scheiderman, M., Frei III, E., Brindley, C. O. 
Gold, G. L., Shnider, B., Oviedo, P., Gorman, J., Jones, R. Jr., 
Jonsson, U., Colsky, J., Chalmers, f., Dederick, M., Hollend, J., 
Selawry, O., Regelson, W., Lasagna, L., Owens, A. Appreisal of 
Methods for the Study of Chemotherapy of Cancer in Man: Comparative 
Therepeutic Trial of Nitrogen Mustard and mt J. Chron. Dis. 
in press. 


hk. Gold, G. L., Hall, T. C., Shnider, B. I., Selawry, 0., Colsky, J., 
A. Ho, Jr, Dederick, M. M., Holland, Jj. F., Brindley, C. 0., sone SShi teva 
Cancer Research 19 (9): 935-939, 1959 
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axial No.NCL 5-737 (c) 
1, General Medici: 

2. Chemotherapy Service 
3. Bethesda 


PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Part A.: 


Project Title: Infection, Fever and Host Resistance in 
: Malignant Neoplastic Disease 


Principal Investigator: Emil Frei IfI, M.D. 
Other Investigators, Harold Silberman, John P. Utz and John Fahey 


Cooperating Units: 1. Laboratory of Clinical Investigation, NIAID 
2, Clinical Pathology 
3. Metabolism Service, NCI 
4, Laboratory of Pathological Anatomy 


Man Years (Calendar Year 1959): Patient Days (Calendar Year 1959): 
Total: 4 
Professional: 2 
Other: 2 


Project Description: 

Objectives: 1. To study the effect of malignant disease on 
the host as regards resistance to infection. 

2. To explore the effects of malignant disease on cellular 
and humoral factors of resistance. 


Methods: Case Material - All patients on the Chemotherapy 
Service are potential candidates for these studies. 
Laboratory - The pathological, serological and bac- 
teriological, biochemical methods are standard except as specifically 
qualified below. 


Major Findings: 
1, Acute Leukemia 


Our previous studies have indicated that (a) antibody response 
is normal or at best, only slightly subnormal, in patients with acute 
leukemia, (b) the phagocytic ability of polymorphonuclear leukocytes 
is normal in such patients and (c) a marked fall in the absolute poly- 
morphonuclear leukocyte usually precedes infection. Current studies 
using the Rebuck skin-window technique indicate that at sites of ex- 
perimental inflammation patients with acute leukemia (a) frequently 
do not show polymorphonuclear leukocyte mobilization (b) that this 
ability to mobilize leukocytes correlates highly with susceptibility 
to baeterial infection and (c) that ability to mobilize leukocytes 
correlates moderately with the circulating polymorphonuclear cell 
count. 
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2. Chronic lymphocytic leukemia 


The study reported in part in the 2958 Project Report has been 
completed, The sesults are as follows: (a) Hypogammaglobulinemia is 
frequent and tends to be progressive. (b) Response to antigenic stimu- 
lation is depressed, Tne degree of depression correlates well with 
susceptibility to infection and moderately well with the gamma globulin 
level, (c} Isohemagglutinin levels are markedly depressed. (d) Delayed 
skin sensitivity is normal. 


Tough a retrospective study tended to implicate prednisone in 
infections in patients with CLL, a prospective controlled study of 
prednisone has indicated that: (a) the improvement in well-being and 
rapid and often complete decrease in organ and lymph node size occurs 
with the use of prednisone, the WEC usually increases. This seemingly 
discordant effect is unexplained. (b) prednisone did not increase sus- 
ceptibility to infection in this group of patients. 


3. Fever of Undetermined Origin in Neoplastic Disease 


A retrospective and prospective study of such fevers has revealed 
the following: (a) Viral, bacterial and fungus infection is not present. 
(b) Tetracycline, as compared to a placebo, did not influemce the course 
of the fever. (c) Tetracycline adversely affected bacterial flora, par- 
ticularly as regards resistant staphylococci and monilia, (d) Bacterial 
infections occurring during therapy were somewhat more frequent and more 
severe in patients receiving tetracycline. 


Attempts were made to demonstrate circulating endogenous pyrogen 
in man, 300 c.c. of plasma were taken from patients with fever of 39.5° 
C and returned to them later during afebrile periods. Three such patients 
were studied, two with fever of malignant disease and one with a fever 
produced by exogenous pyrogen. -We were unable to demonstrate a circulating 
endogenous pyrogen, 


4. Specific Infection 


Pseudomonas and clostridial infections have been described (See 
previous progress reports) 
(a) Moniliasis. A prospective study has indicated that 
(1) Thrush occurred in 15% of the patients 
(2) 81% of the episodes of thrush begin during the last 8 weeks 
of life 

(3) Antibioties and corticosteroids contribute to susceptibility to 
monilial infectien but are relatively less important than the 
severity of the disease. 

(4) Nystatin mouth wash (as compared fo a placebo) significantly de- 
creased the duration of the thrush. 

(b) Cryptococecosis, Disseminated cryptecoecus infection with extensive 
hepatic involvement (not previowsly deseribed) in the almost complete 
absence of host cellelar response has cecurred in 3 patients with 
lymphoma, These cases are under study. 
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5. Host response in patients with Hodgkins disease 


Early and iate patients with Hodgkins disease are being studied 
as regards 
(a) Circulating antibody response 
(b) Delayed skin sensitivity 


c) Skin_ homograft response 
M3) The interre ationships of these three factors of hest defense as 


well as their correlation with stage, extent and duration of disease, sus- 
ceptibility to infection and prognosis are under study. 


Significance to Cancer Research 


Aside from importance in the clinical management of patients with 
cancer, the effect of caacer on the host has broad implications as regards 
the nature of the neoplastic process. 


Proposed Course of Project 


Most of the above work is clinical with application of standardized 
laboratory techniques. The clinical work will continue. With the rapid 
expansion of laboratory techniques and approaches to problems relating 
to kost defense (as represented at NCI by Fahey, Landy and others) it 
becomes imperative that they be applied to patients. 
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Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 


1. ¥orkner, C. E., Frei 112, E., Edgcomb, J. H., and Utz, J. P. 
Pseudomonas septicemia: Observations on twenty-three cases. 
Am. J. Med. 25(6) 877-889, 1958. 
2. Boges, D. R., Frei Iff, B., Thomas, L. 3. Clostridial gas 
gangrene and septicemia in four patients with leukemia. 
N. BE. J. Med. 259: 1255-1258, 1958. 


See Aronson, S. B., and Shaw, R. Corneal Crystals in Multiple 
myeloma. A.M.A. Arch Ophth. 61: 541-546, 1959. 
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Serial No. NGfolo-223(e) 


_ -1. GHB 
| PHS-HIH . 2. CP & EF 
Individual Preject Report 3. Bethesda 


Calendar Year 1959 - 


Part A ae 


‘Project 1 Ticle: Penetration of Anti-tumer Drugs. inte the 
ienrean Nervous eee 


Principal Tiscacisaron. pevid P, Rall, Charles Go zubrod 


Other Investigators: None 
‘ J 


Eooperating Units: None 


Men Years (calendar year 1959) 3 Patient Days (calendar year 1959): 
Totals 2 1/2 0 

Peofessionals 1 

Others Py 2 


Project Deacripttens 


Objectives: Tee objectives of this BEsiecer are te quanetey 
the penetration of certain anti-tumor drugs inte 
the central aeryeus systea (CNS) and to attempt 
to elucidate seme of the factors influencing the relationship 
between dose of drug, plasea level, end concentration of drug 
im the GNS. 


Methods: The phermecolegie techeice develeped and validated in 
previous years were used im these studies, 


fhe studies this year progressed along three 
limes: (1)-at€empts to find conditions that 
alter tha blood CSF barrier, (2) attempts to delinsate the 
cherecteristies of drugs which fai to enter CSF (3) attaxpts 
to extend the study of the ‘blesd Gok barrier €o wan. 


(i) Arterial hypotension and acute certisone administraticn falied 
to alter drég ontry inte CSP, Tke bleed CSP berrier, measured 
by sir techeiques, is intact in 5226 heur eld dogs. 
(2) Studies im the degfish demowstreted that sulfenilic acid, even 
efter $6 hours, fails te enter CSF in more then trace quantities. 
Pareminohippurie seid, om the other hand, 1f given time, wiil 
acheive diffuetien equilibrium between bleed and CSF. Tke half-time 
for this equilibrium fs 50 heers. Altheugh sulfaaiiie acid is 
often given a dissociation censtant of 3.2 for the first hydrogen, 
fe is, im fect, a strong aeid end the pk of 3,2 refers te the 
issceiation of the secend hydrogen. Paraminohyppuric acid is a 
exrua week organic electrolyte, and about oms part in 6000 is 
undigseclated at bedy pH. 
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Serial Ne. NEIo1273(e) 
ao Re 


the comparison between these two caupounds indicates thet 
urdissoelated drug will peretrate inte the spinal fluids 


however, im spite of adequate time, dissceiated compounds, 


auifenilic acid for imstance, will mot enter spinal fluid in 
mere than trace quantities, Thus the netien that the biced 

CSF barrier is lipoidal im nature, aud ceasequently is permeable 
to undisscelated, but impermeable to dissseiated drug is strengthshed. 
(3) Studies om the blood CSF barrier in 16 patients have been 
completed this year. Amtipyrime, sulfadiezine, and parsmine 
hippurate have been the test compounds. CSF was sampled frem the 
lesbar area, instead of the cisterael area as in the dog. ‘Tmese 
studies have shown that the barrier is essentially the same in 
man as in the dog. The single difference moted has been that 

the rate of approach to equilibrium is much slower in man, 

fhe half-times for both antipyrine and sulfadiazine are about 

5 foid larger im man es compared with the dog. 


Signéficance te Cancer Research: fumers, beth primary and 
metastatic, frequently devalep 
within the central nervous 

system. Little information is available im the published literature 

concerning the penetration of anti-tumor drugs inte the CNS. : 

Basile research on this aspect of the pharmacology of anti-tumor 


‘érugs is pac cesnxy fer the rational use of these agents in the | 


treatment of patients with twaers leceted in and around the 
brain, : 


Proposed Courses The fellowing lines of investigation are planned: 


Furcher attexpés to elucidate sema of the basic pharmacologic 
fseters which determine beth how much, and how fast drugs get 
inte the CNS and GS? from plagma, These inelude cerebral biced 
fiow, state of thyroid fumetion, ete. 


- Gentinued investigation of the ceaparative pharmacelogy of GHS 


and CSF. The teshmical ease with whieh the ventricular fluid 
and braia are obtained in dogfish make this speeies particularly 
valuable, 


Studies im patients with saiteble neoplasms will be continwed, 
and extended to include the use of antictumor drugs. 


Studies with ceapowunds ewveh as glucose which enter brain and 
CSF by stereo-specifie Eransport mecheniaes, 
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Serfal No. NCI-1-223(e} 


PHS-NIH 
Individual Prefect Report 
Calendar Yeer 1959 


Part B. 


Rall, D. P., Stabenau, J. R. amd Zubred, C. G. 
Distribution of Drugs Between Bleod and Cerebrospinal 
Fluids General Mathedology and Effect of pH Gradient. 
J. Pharmacol. 1252 185-193, 1959. 


zubrod, C. G., and Rall, D. P. Distribution ef Drugs 
Between Bleed and Cerebrospinal Flwid in the Various 
Vertebrate Classes. J. Pharmacol, 1253 193-199, 1959. 


Stebenau, J. R., Werren, K. S. and Rail, B. P. 

Effect of pH Gradients em the Distributien of Amuoniea 
Between Blood end Musele Brain and Cerebrespinal Fluid. 
Jo Glin. Investigation. 38: 3973-383, 1959. 
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SETRAL NO. NGL@ LALIT Cy 


1, 
PHSoNZH 2. GP & EF 
Individwal Preject Report 3. Bethesda 


Calandar Year 1959 


Pare Ao. 


Project Fitles Tha Pharmecelogy of Amtitumer Agents Related 
te Purine 


Prineipal inyvestigaters fi Li Leo 
Cther Tnvestigater: Nene 
Ccoperating Units: Nene 


Msn Years (calendar year 1959): 
Totals 1/3 
Professienals  i/3 
Cthers O 


Project Deseriptions 


Ob jastives: fo study the fete and matabeliss ef certain antic 
tunor agente of the purine group currently in use. 


Metheds; Steaderd chesfical and biechenteal methods were employed. 


Maj er Finds 


i. Ya the au after single iv. injections of 6=sereapte- 
purine (6MP), the plasma levels and volumes of distributicn 
were found to suppert the previcus reported findings. 


2. The penetration of 6MP through the bleod-CSF barrier in the 
dog after en i.v. injection of the drug was demonstrated 
spectrophotenetrically by examining the ultraviolet 
absorption spectra of the CSF samples obtained by cisternal 
puncture, The identity of tre drug in the CSF wes eenfirmed 
by paper chreuatography. 


3. G6-Thiourle acid was preparad for easyme inhibition studies. 


Sigmificence to Cancer Research: Tae studies of the metabolic 
m fate of antituner agents are 
importeat beesuse ef the light 
auch studies could throw upon the mede of action ef thase egants, 
Further, the mackenicm ef the develemmant of drug resistence ecild 
also be partiy eiueidated threaigh the wetabolie studies. 





Poopesed Ceurses Continue the iseletion sad identifleation of all 
metabolites ef GMP and 6EP riboside im bath respensive and resistant 
peties es. 
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Part A, 


Sexvial Ne. NOYoin226(e} 


i, GB 
PHS-NZH 2. CP & EF 
individual Project Repert 3, Bethesda 


Calendar Year 1959 


Project Title: The Metaboliem of Folie Acid Antagonists. 


Principal Iavestigators: Ti Li Leo and Vincent T. Oliverioc 


Other Invastigators; None 


Coopersting Uniess Celmotherapy Serviee, GHB, NCI 


Man Years (calender year 1959); 


fotals & 2/3 
Professignal: 1 2/3 
Other; 3 


Project Descriptions 


Objectives; fo study the metabolic transformation of certein 


folie aeld astagonists with e view te efucidating 
their mede ef ecetica. 


Metheds; Standard chemical ead biechemical matheds, ineluding 





: Be? 


icn-exchaage chremategrephy with autematic fractien- 
ating end recording equipment. : 





ox Findings: 


the axtraction of methotrexate (MEX) end dichlorenethe= 
trexate (DCH) et various pE's by variews solvents was — 
studied. Ye wee found that beth drags eculd be extracted 
quantitatively inte nebutanol frem a pH 3 buffer seiluticn. 


the applieatien of Lencexechange chromatography to the 
seperstien and isolation ef varicus felie acid derivatives 
wag iatensively investigated, Lt wag disesvered that these 
ecapounds ceuld be ecuveniently fractionated and purified 
by the use of « eallulose ion-exchange systex. Mixtures 
ef clesely related folic seid derivatives, even those 
Giffering only by one fumetional group, were efficienely 
resolved imte their separate components, Tris precedure 
afferds folie acid antagonists of a higher purity chan. - 
bitherte achieved. Several peper chromatographic systems 
were also devaleped for the separation of these felic acid. 
antegonists. 
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€ dese) avd a metaboiite (Sh ef dese). 
he Srine ak mice eraated with DEM. 

; metabolite wae identified ee 

im later experiments a metabe= 

Fite specesshctarers’ Sally 4 aereceaa fren 3°, 5° diehlere= 

folie aeid was iselated. Simil larly, following creatment 

with ‘DCM, amehanged drug (10% of dose} and a metabolite 

, of deze} were veeovered from the urine of patients. 

‘The treateent of the vrine of patienés en DCM with gluewro 

Ve onidase failed te improve the reeevery af unchanged - drug 
and metabolite. No reduced KM analogous te felinie acid 

was isolated fro the arine ef mice injected with I BCH. Only 
the unchanged drug (10% of dese) wag reeoverable fram the 
urine of @ patient on MIX. 





In ened or eion with the atudy of che method fer the detexmin- 
ation ef the felie acid antagenists, the exidatioen of Dom 
by potassium. pexmanganate waa invastigeted, AE pH 3 the 

predust was 2,4-diamine-6-pteridine carboxylic acid, the 
strveture of which was eatabiished by stenwiee hydrolytic 
deamination te the 2,4-dihydroxy pags and alse by an 
GEES syathesie. | 





nificance to Cancer Research; Tha studies of the metabolic fate 
ante ji ef antitumer agents are important — 4 
because ef the Light such studies 
could throe upon the mode of action of these agents. Further, the 
results of such studies may serve as an intelligent guide te the 

design end synthesis ef potential encisumer agents in the futwre. 





Prepesed Course: 


i Simplify and impreve ‘the present procedure. Continue the 
isolation and identification ef tke metabolites of DEM. 
Continue similar WOEK on BIZ. 





2, Apply tracer technics te the present investigatien in order 
to study the total arug balances. 

3. Apply miersbiclegicai techaics to evaluate the ae 
ef each metabolite with respect te the action ef 
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Serial No. NGiol=227 


1. GMB 
PHS-NIH 2. GP & ET 
Individual Projeet Report 3. Bethesda 


Galendar Year 1959 


Paré A. 


Project Tlekes Mechanien of pc aemeor, Action ee Pruine Analogs 
Principal investigator; Jack D. Davidson 

Other Investigators: Nene 

Cooperating Unies: None 


Man Years {calendar year 1959)s 


Toe#als 2 
Profassionals i 
Cthers Ry 


Project Dassriptien: 


Objectives: The objective of this project ts te deteraine ag 
specifically as possible which biochemical reactions 
are inhibited by certain purine analogs in cancer 
cells thet are sensitive to these compounds, A corollary objactive 


is #6 elucidate the mechanieme responsible fer inherent and ecquired 


resisterce to thage agents. 


Methods: Radicactive pruines, phesphorus end purine analogs wore 
eaployed with beth imtact cells end enzyme preparations 
te stady ¢he effects of the drugs upon auclefe acid metaboligs in 
sensitive and resistant mouse and human leukemias. 
A methedolegical sdvance was made im the development of a ratio 
recording ultra yielet monitor for wee im eoliumm chrenatography. 
This permitted detection of compounds eluted from icon exchange 
colwms by gradiant techniques despite the presence ef changing 
ultra violet absorption imtriasic te the formic acid elusat. 


Major Fiadings: The work iaitiated lasé year on 4-amincpyrezcle= 
(3,4ed) pyrimidine metaboliga im gan was tone 
eluded and is bainmg published (2). 
Studies ef the mechenian of action of Gemercaptopurine (6MP) ia 
L1210 leukewie were exteanded te confirm the findings reported 
last yesr, This imeluded doing dese response studies with both 
sensitive and resistant L1210 cells to measure the effects of 
graced anoumts ef 6NP upen the utilization of hypoxanthine fer 
adenylic and guaenylie aeid symtheefis, All utilization of bypes 
zanthine was préfcundily inkibited by very lew coneantrations ef 
6? im the "resistant" eslle while ealy utilization for ademylic 
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eae 


acid moleties was affected in thesengitive" cells until high 

ceneentrations cf SMP were empleyed, This indfeates a block in cha 

conversion of inesinie acid to adenylic acid. The base moiety 

of the intermmadiste adenylosuceinic acid was synthesized but 

daspite the use of this es a earrier it wae not possible to determine 

the site of the bleck sore precisely. A final repert of all of 

these GMP studies is being published (3). 

Studies have been initiated to determine wheather the mechanians 

of GMP action and resistenea detemmined in the mouse are applicabla 

to husaa leukemia. For this work 6MP was synthesized with radic= 

active sulfur. Use of this material with its isherent high 
anelytical sensitivity hes necessitated the development of new 
techniques for iselatican of metabalites of the drug. This work 

is im progress. 

Significance to Gencer Research; Seue of the most effective anti- 
tumor agents thus far discovered 
are priine anaiogs. A knowledge 

of the mechaniems of their ection and the reasons for resistance to 

their action should contribute to the rational development of more 
effective antitumer chemotherapy. 





Proposed Course: 


Continuation of efforts te determina che mechaniems of action 
and resistarce tc 6HP in human leukemia cells. 


Studies of the metaboliea of 6HP in lusaens. 
Further efferts ¢o define precisely the significant biecken{cal 


ection of GNP reepenaible for its antitumer eetivity in L1210 
levkemia. 
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Serisl No. ReIel=227 
PHS-NIN 
Individual Prefect Report 
Calendar Year 1959 


Pare B. 


Publieatiens other than abstracts in 1959 attributable to 
this project: 


Nathan, D. G.g Davidsen, J. D.3 Waggoner, J. Gog and Ber lin, 
N. I. Tee Counting of Barium Carbonate fn a Liquid Seintillacion 
Spectrometer. J. Lab. & Clim. Med. 523 915-917, 1958. 


(fais was reperted as "In Press" last year} 


Shaw, Ro Ko; Shulman, R. N.3 Davidson, J. D.g Rall, D. P.3 ead 
Frei, E. Studies with the Experimental Antitumor Agent, 4-Amine= 
pyrazolo(3,4-d}pyrimidine. Caneer: in presse 


Davidson, J. D. Studies on the Hecheniam of Action of 6-Mereapte= 
purine in Sensitive end Resistamt L1210 Leukemia im Vitro. Cancer 
Researeh. ip press 
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Pert A. 


AL 
i, GB 
PHS-NIK 2, GP & EF 
Individual Project Reporte 3. Bethesda 
Calendar Year 1959 
Project Tities Pharmacology of Riboflavin Analogue 
Principal Imvestigators Montague Lane 
Other Investigators: None . 
pccoperstiae Daitse None 


Men Years (Galendar year 1959) 3 


Forale 1.90 
Professionals: 0.5 
Gcher 0.5 


Project Description: 


Objectives: 


Bathodss 
Seas 


Major Findings: 
: : A. 


Pert 6B 


_ bieehamieelly. 


'B. Laboratory. 


ine huded ¢ 


A, Glinieal. fo indice tumor regression and/or 
elinieal riboflavin deflefency in patients with 
neoplastic diseasas through the use of riboflavin 
analogues. 3 


B. Laberatory. To study the mechaniea of action of 
vibofiayin evalegues af the cellular. level and che 
transport of flavin aucteot ices into cells. 


Az Clinteal. tus teeiveresereys ehrouatography, 
bic-assay and fieotope (Fe!9) techniques are used. 


Bo Laboratory. Spect rephotemetry, bio-eseay, 
isetope and enzywe techniques ere used. 


Clingeal, I¢ has been possible fer the first time 
to induce riboflevin deficiency with a ribeflavin 


-antegonist im 2 petfients with neoplestic diseases and 


ehe findings have besa decmmented photographically end 
Ne definite evelvation of effects en 
tuner growth could be gade. 


A number of riboflavin analegusa Rave 
been tested for their inhibitery effect om growth of 
L. easel fa tke presence of riboflavin and its nucles= 
tides, Various actien patterns were observed but 


definite imformetien ecngernming the sites of antageniax 


wes not developed, Cell emery studies, stili im pro gress, 
have indicated that flavin adenime dinucleotide probably 
eaters L. easel as an imtace molecule, 


ou i - hed ape a a : al 


a 7 
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Serfiel No, NCLoLl=229(e} 
t=) 2) = 


gnificence to Cancer Research: 


A. Gliniealt. Riboflavin analogues have been shown to 
inhibit rat tumor growth. Tike development of a regimen 
whieh will result im elinieal riboflavin deficiency aay 
permit the evaluation of the effects of this deficiency 
on the growth of tumors im Gan, Combination chexotherapy 
studies may also be feasible. Im addition, a systes is 
provided fer the further elucidation of the physiological 
role of riboflavin in man. 


B. Leboratery. 4n understanding of the mechanism of 
action of riboflavin antagonists may aid in the design 
ef more potent chemetherapeutice agents. 


Proposed Course: 


A, Clinical. Centinued climical trials with galacteflavia 
and detailed studies of any antitumor effects and bie= 
chemical changes will be wdertaken. 


B. Lsberatory. Further studies of cell entry and ef 
isolated enzyme systeme will be made, 
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Serial Ne. NEI~l-2e9(e) 
PHSeNIB 
individual Proiect Repert 
Gaiendar Year 1959 


Part B, 


Lane, M., Petering, H. G., and Brindley, C. ©. Synthesis, 
Paarmacology and Clinieal Trial of the Ribeflavine Analogue, 
Sodiumo6, 7-Dimethyi-9= (2"-Hemisuccinoxyethyl) Iscallozazine, 
U-6538, J. Nat. Canéer Imst, 22: 346-361, 1959. 


843 





ie i 
te ae 

. - oT PrP 

7 pat 











Nee meg met Coe eh een) | Se pete! Neh eet oneal hice Perle ind Sf 
Ll. GS 
PHS-Ni8 2. GP & BF 
individual Project Report 3. Bethesda 
Galeadar Year 1959 


Pert A. 


Project Titles Studies on fetracycliness 


o 


=. Ghenieal Determination of Tetrecyelines iz 
Tissues and Tissue Fluids 


IZ. Tissue Distribution ef Fetraeyelines in 
Anestmetized Dogs. 


GEZ. Yateractions of Tetracyelines with Rarbizurates, 
fweleie Acids, end Proteins. 


(aie is & continuatica of work previously reported 
under the titles: “Pluerockreme Metaboelien™. } 


Principal Imvestigsters Kurt W. Keke 
Gther Investigatera: FT. L. Lee, B. P. Bali 
Geoperating Units; None 


Hen Years (eelendar year 1959): 
Fotals; 2 2/43 
Frofessienals i 2/3 
Others 2 2/3 


Prejest Deseripticns 


Objectives: 


E. fo develop a wethed for the determination of tetracyslinee 
in tissves, which would be independent of the problaas ino 
hegant in biesssays. 


YX. To determine the volumes of distribution, piasza protein 
binding, and extent of entry imte spinel flwid, red blead 
cells, and skeletal muscle cf tetracycline and denetiy! leR Lore 
tetracyclines im anesthetized dogs. . 


LIL. Es study the binding ef tetracyclines to suall ecleculag, 
mucleie eclids, and protein. 


Hethedss 
I. Solvent extraction; fluoremeatry 


iz. The cetrseyelines were determined by Elucremetry of 
their co@plexes with celeium and barbital, efter extraction 
inte ethyl asetere, as deseribed in Part I. Plame erseate 
binding wes determined by a medifieation of the usual 
equilibriu: dialysis metheds. A amiall velume sf iestonie 
seline im s sgeili beg is dialysed ageiast eppreziuately 16 
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volumes of heparinized plagms at 37°C. Excellence mixing ine a 
side and owtside the bag is achieved with a tilting sheker, . 
and equilibrium is established within 4 hours. The plasma is, j 
thes, held at more nearly physiolegicei conditions than in the _ | 
wsusl metheds, a 


Custemary pharmacologic techniques were otherwise used. e 


Tit. Distributien batween two liquid phases. 
' Fluorescence and ultraviolet abserption speetroseopy. 
Equilibrius dialysis. 


Mejor Findings: 


i. (With Dr. Leo) 


fetrecyeline wes found to be eucractarte inte ethyl acetate. 
in the presence of caleiwmm iens and barbital buffer: Gver 
the cptimal pR range of 8.5-9.6, a distribution ratio of 
approuzimately 25:i in fawor ef the orgenie phaée was observed. 
The extrection did not take pleee if either Catt or barbital 
were omitted froa the system; nor could Catt be replaced by 
Hgit+, ox barbital by other bufferg. The extraction was 
attributed to the forestion of en uncharged moleewier complex 
eonsisting of tetracycline, Ca-, and barbital. The complex 
is strongly fluorescent and ean be measured in the ethyl 
acetate phase in concentrations as low as 10-/H. Metheds 
were readily deweloped for determinztions ower the usual 
therapeutic range of cencentretions in plasms, red celis, 
spinal fivid, urine, and bile. Attempts to apply the method 
to tissues were at first unsuceessful. Tnis was beliewed to 
be due te the presence ef phosphates which, under the sikaline 
conditiens ef tha extraction, form elscium phosphate precipic 
tates, which adsorb tetraeyeline. The diffieulty was finaliy 
overceme by the use of Pbt+ te precipitete phosphates at pH5. 
Ezeess Pbt++ was then precipitated with 1673: the latter did 
act interfere with the extraetion step. This sedified method 
was suecesefully appiied to determinations in skeletal muscle, 
lives kidmey, end twaor tissues. The drug was, in eaek ease 
extraessed fraa the tisswe homogenates with dilute HO with 
receveries of 80-100Z%. fhe blenk readings were generally 
wery low, and ne significant false positive reastions hayes 
been found. ke methed appesre te be highly speeifie for 
eertain tetrseyclines. Swen emali changes in the moleewie as 
eceur in feepic, desdimethylemine>, and anhydro-tetracyeline pe 
prevent er grestiy reduce, the formation of extractable 
fluorescent coaplexes under the Goad se Lens ezpleyed. ‘The 
wethed hag also been successfully used to determine demethyl- 
ehior-tetracyeline im tissves and bedy a ee) Little work 
was dene with ehicr-and ozy-tetracyeline becsuse of their 

_ lower stabili¢ies. 
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(With Dr. Rail) 
Plemws coneemtrstions of tetracyeline (7) and dimethyle 


eklortetracyeline (DOT), efter single i.v. doses, followed 


first-order diseppearance eurves after 2 howrs folicwing dru, 
administration. The plesaa kelf-times were 3.1-4.4 hours for 
GC and 6-14 heure for DMCT (ranges for 3 dogs on each drug). 
Extrapolation to sero time of the linear seni-logari¢hmic 
plots, pemitted the calewlation of velumes of distribution; 
these were 6,580.64 i/kg for TE and 1.l-1.4 If/kg (liters “ 
per kg bedy weight} fer DMCT (ranges for 3 doga on each drug). 
Pisemea protein binding studies, by equilibrium dialysis at 
37°, -imdZeated 50% binding of DMCF and approximately 35% bind= 
ing of TC. Im tersa of the serum concentrations of free drug, 


the volumes of distribution were, therefore, appreximately 


0.9% and 2.5 i/kge for TC end ONCT, respectively. These 
results imndieate that DCT and, to a lesser extent, Fe are 


' sencentrated in some extravascular cempartaent of the bedy. 


This pieture was supported by measurements of concentrations 
ia skeletal wuccie, which, after 6 brs., were 1.2°1.5 and 
2.32.5 times the (total) pleema conmecatrations for TE and 
DIMOE respectively. Im seme ef these experiments, constant 
intravences infusions of drug were given, in addition to 2 
lesding dose, im order to maintain relatively constant placna 
Levels. . 

Baring the course of these experiments, both drugs entered the 
spinal flwid im concentrations equal to approximately 20% of 
the cencentrations free in plasma. Equilibratien between 
plaeme ond spinal flwid was probably net achieved, and 
expéerizents ere in progress te determine the concentration 
ratios after ellewing seweral days for equilibration. 


Considerable amcumes of these drugs were found to be 
assesiated with the red bleed eelis. Hawilibration between 
red cells end plasma cosk pisee within 15 minutes in vitro, 
ead the rate of drug disappearance from red cells elosely 
fellowed the places disappearance eurves in vivo, Beesuse 
of variability in the red cell-te=plamas concentration ratios 
in 6ifferent experiments, the effeets of (Cat+}) and pH were 
studied, using washed biman red cells ssspended in isotcmie 
saline, ff vas fownd that a 2-foid and 4-fold concentration 
in red cells took place im the casa of TC and DHCT, respectivels 
at ph7. At pH 6.5-7.5, Gat+ (im concentrations caaparable to 
these found physiclogically) markedly reduced the asount ef 
either drez associated with celis, wkile, at pH 7.5 and abowe, 
a second effect of Cei+ besame apparent which resulted in 
inereasing the axounts of drug bound to the eelis. Although 
the interpretation ef these results is not yet clear, they do 
point owt the fewertance of considering divalent metal ions 
fim trying te understand the Gistribwtien of these drugs. 
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Zil. The formation of complexes of tetreeyeline (fC) with Cai-+- 

i and other divalent metals is well known. Complexation with 
barbitwuretes end with B-diketones has net been prewicusly 
deseribed tc cur knowledge. Distribution between ethyl 
acetate and water at pH9 was found co be a convenient system 
fer studying these complexes. f& eencentrations were deter- 
mined im each phase, efter equilibration. Frem the resulta 
ef these studies, ic wes inferred that EO forms an unicaized 
eouples with Gai and barbital, Similar complexes were 
ebserved with Zeit} and, to a much lesser extent, with Nett, 
but Bint+ failed te form extractable complexes. Phenobarbital 
and pentebarbital were more petent than barbitel in causing 
extrection. Methyi substitutien of ene ef the nitregens in 
the barbi¢wrate aucleus did net chenge its potency in thie 
regaré, but substitutien of beth altrogens rendered the 
molecule inert. Dipkenyihydanteia and oxazolidinedienes had 
no coup lex-fenaing activity, nor did a variety of other compounds. 
it was Later fouwlic that eame S-diketonee also fore extractable 
ccmplexes with TG ent Catt. Cylie Gediketones, however, were 
effective, indicating thet es geomatrical form able te chelate 
is reyaized, and suggesting that the nature of the binding is 
different than with barbiturates. 

‘Attempts vere mede to detect changes in Cluereseance and 
wlers-yvielet absorption, which might acceupany complexation. 

An imeresse in flworesceace intensity was neted in aequecus 
solutioa, attributable ¢o the formation of a barbital camplex. 
Ne signizicent changes in abosrption spectra er optical density 
were observed, Lewaver, suggesting thet the barbiturate nay 
moe bird to the chremophoric pert of the tetracycline soleeule. 


Equilibriws dialysis studies were eerried out to detesmine 
whether tetracyclines bind te nucleie acids and proteins. Tke 
most striking reswite were obtained with DNA. Binding was 
ebserved in the preseace of Cat+, Hgti, or Znt+. There was ao 
binding im the absence of divalent metal leas. Heat denaturatien 
Of DNA iaecreaacd ike ability to bind tetracyelimes. There was 
much less binding to RNA. HEumen serum elbumin bound etetre- 
eycline fo a auall extent. Yfke degree of binding was rently 
imereseed by Zet+, but aet by Cait or Hgt-. 


mificemce te Cancer Research: Tetracyelines exhibic che ability 
te eancentrate selectively ae 
eertain tissues, including s 

tumer celig. hie binding msy be e tesl for improving our Pages 

ledge of the compositier or strveture of tumor celle umder various 

eonditions. 

4m understanding of tha fsctere which gevera che cellular diss 

tribution of these drugs may be of general valve in chemothkerapentic 

problema. Ths tetracyelines are alee of interest because of their 

antibletie preperties. Elucidstieon of the meckaniom ja thie instence 

of selective cellutar texzieity would be of vital imteresz. 

The present studies on the cumplexing preperties of tetrecyelines are 

preliminaries aimed st these geala. 
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Proposed Course: Further work on the binding of tetracyclines in 

eells is planned, tnvelving 

(a) in wive studies of drug distriimtion im tiseues im dogs and 
tumor-bearing redents. 

{(b) studies of binding to red eelis, and tissue hemogenates under 
varying conditions of pH and divelent metal ion eoncentration. 

(ec) quanticetive studies ef binding te purified ciesue components, 
i.e. preteins eng nucleic acids. 

(43 eycechemical studies cn the ecmpesition of the fluorescent 
material whieh persists in tumers after cetrecyeline 
edministration. 





848 


a0 ay 


: evr 
Tap ea iae 
hs : bin 
oe ay 





Seriel No, NOF=-1<e232 


1, GSB 
PHS@NITH 2. CP & ET 


Individweal Preject Repert 3. Bethesda 
Calendar Year 1959 : 


Pars A. 


Project Titie; Pharmacology of Drugs Influencing the Responae 
te Radicwimetie Drugs and Radiation 


Principal investigater; Hargeret G. Kelly 
Other Investigators; Reger W. O'Gara, Ti Li Loo 
Cooperating Dalits: NCI Laboratery of cic 


Han Years (calendar yeer a3): 


Totals 2 
Professionals 1 
Others 1 


Projects Deseription: 


Gbjectives: Te study the mechanism of protective effect of - 

AET on toxdiecity of aitregen mustard (BN2) in 
noreal and tumorobearing mice end rats. 
fo determine leeslisation of S-35 and G-14 lebelled AET 
in tigsswes end within eells by application of autoradiogram 
techniques, end to esmpare this with distributica of other 
sulfhydry cameuds, 
fe evaluate protactive effect ageinst sadionimetic drugs and 
radiation of other classes of compounds(in addition to mercepto= 
alkylguenidines) and to explore possible advantege of eanbinstions 
of pretective agents. 


Methods: Usual pharmacologic, hematologic, chemical, biolegic, 
histopathalogic, and radioactive tracer techniques. 


Ns jor Findings as 


i, Pretreatment with ART bad no effect on the deereaga in 
peripheral biced cout produced by HN2 in normal mice, rats, and 
éeg3. im rate bearing subcutaneous implants of Dumning levkenia, 
the aseceiated sharp increase im peripheral leukesyte eeumt was 
prevented or minimized te about the same dagres im rats pretreated 
with AEP as im rets given HN2 ealy. 


2, The Benning leukemia in rats is more semaicive te aitregen 
wustard therapy than any cf the tumers ia alee whieh wa have used, 
Aa imerease im suxsvivel of rats bearing ¢his emer can ba obtained 
at relatively mometoxzie dese levels of HN2, thus permitting a 

mére precise evaluation of any dese redieticn efZese of pretranteant 


Part B imeludeds ¥ES 
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with AET. So far as cen be judged from examination of survival 
date (statistical evaluatiaom has net been made as yet}, AET 

does not winimize the tumor-dameging effeet of low doses of HN2, 
and et higher dese levels of EN2, pretreatment with AET resulta in 
a therepeutic advantage by protecting the Rost from the texie 
effects of nitregen mustard, 


3, folerance €o the lethaiiey of AET cewid met be desenstrated 
in mice after repested daily, every 2 days, or weekly administration 


of acnelethai doses of AEF. 


4, Sea O°Gara (Lab. Path.) for results ef COS study 
with s-35 end Go**stebeled AET ead thiourse, end S-?=2abeled 
Nag50z,o 


5. (With Dr. Loo) Studies have been started te determine the 
effect on texfeftty and tumor demaginme eetien ef radiamimetiec drugs 
and radietion, of ceapounds which generete free radiczis. Tao 
éste, t-butyl perbenseate, di-t-butyi peroxide, benzoyl perexide, 
end a hydvoxylating reagent caupesed ef ferreus sulfate, hydrogen 
peroxide, esesrbie acid, and BDTA have been tested against HN2.. 
fhe hydrozylating reagent did net decrease the toxicity of HNZ 
and gay have increased it. The ether 3 eempounds, however, geve 
effective protection ageinst en LDsg of HN2 when ee 36 to 60 
minutes bafore the nitrogen mustard, 





ifieance to Cencer Research; Chenicai protection against 


Signirieerc¢e 
syatemie toxicity of alkylating agents er radiation without 
eaaparable protaction of tumor against carcincelestie coe 
would reawlt in a therapeutic advantage. 


i 


Prop of Study  Gomparative sutdy of urinary ercrarien 
products of C-lé-labeled AET ia dogs and im sice end rate in the 
hepe ef getting seme informaticn er udnerstanding of the undariying 
basis af the species difference in touleiey. — 

fo complete the study cf cellular distribsetien of labelad AET in 
ates by use of wieroauteradicgrers. 

f>5 evaluate tha pretestive effect on texieity and tumeredameging 
action of HN2Z end radiation ef free radical generating coupoumds 
singly and im eembinetion with AST. 
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PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Pare Bo 


Actions of S, 2eaninoethylisothiureniws Br. HBR (AET). 
foxieity end Pretective Effect against Nitregen Musterd 
Toxicity, by Margaret G. Kelly, David P. Rall, Glenn £. 
Teivyers, Roger W. O*Gara, and Charles G, Zubrod, 


J. Phare. & Esp. Ther. Im press. 
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Serial No, K@Yole233 


1. GMB 
PHS°NZH 2. GP & EF 
Individual Project Reporte 3, Bethesda 


Calendar Year 1959 


Pars A. 


Projeet Title: Chemical Carcinogenesis 
Principal investigators: Margeret G. Keily and Roger W. O'Gara 
Cooperating Units: Leb. Patholegy, NOL 
Man Years (calendar year 1959): 
Totals 1.0 
Professional: 1/2 
Other; 1/2 


Project Descriptions 


Objectives: To determine the effect of carcinogenic hydrocarbens 
in newborn mice, 


Methods; UWsuel biolegie and histopatholegic techniques. 


Major Findings: 


SEU 





1. We have cenfirmed the results reported last year on the 
industion cof lung tumors in General Purpose (Swiss) mice following 
subcutaneous ingection of newborns with either 0.06 mg of 1,2,5, 
6<-dibenzanthracene or 0,1 mg ef 20emethyleholanthrene in olive ofl. 
Even eonsiderably lewsr dose levels than those reported abeve 


produce s high incidence of multiple lung tumors im this strain. 


After subcutaneous injection of either 0.02 mg of dibenzenthracene 
or 0.03 mg of methylcholenthrene te newbsrn General Purpose mica, 
@ultiple lung adenomas were found in 50e80% of the animals killed 
in 8 weeks, and in 90-100% ef the animals killed in 16 wesks. Two 
lewer dose levels of dibeazanthracene (0.0067 and 0.0022 mg} ine 
duced lung tumors in 25% of the animals killed im 8 weeks, and in 
55 and 337% respectively, of those killed im 24 weeks. A lower 
dose of methyleholanthrene (0.01 eg) induced lumg tumors is 25% 

of the mies killed in 8 weeks, 67% of those killed im 16 weeks, 
and 100% ef these killed™in 24 weeks. Im generel, the incidence 
of mice with lung ademomeas and the number of tumors per affected 
mouse imereased directly as the dose was imcreagsed and the time 
befere sacrifice was lengthened, 

In additien te fibresercasas (foetal imeidense ca. 10% at 16 weeks), 
‘sane other pathelegie lesions have been observed. Four mice given 
methyleholanthrene subsutancously ag nevberms developed leuvkenia 
‘(in $,12,24, and 21 weeks, respectively}, Lb developed a thyate 
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lyaphoma, 1 had a lesion of the pancreas. One of the mice given 
dibenzanthraceme developed an intraductal papillama of the mseemary 
gland, Histologic seetions of mice killed after 21 weeks are act 
yet availeble fer study, and will be reported later. 


2, Am evalustien has been made of the susceptibility of newborn 
G38 and C°57B1i mice te subecutansous administration ef careincgens 
because adule aice of these strains are relatively resistant to 
lung tumor iadustion by intravenous @s well as subeutaneous 

adsinistretion of careinezenic hydrecarbens. 


A, COE Blea: 

Of 50 newborn C3H wice given 0.06 mg dibenzanthracene subsutanccusly, 
iumg tumors were found im 12% of the wice killed im 16 weeks, in 

449%, ae 18-23 weeks, and in 74% of the mice killed im 24227 weeke. 

fre incidence of subeutancous tumores in thie strain was 247, the 
earliest tuner being noted in 8 weeks. Gne mowse had catarracts 

of both eyes. 

Of 30 newborn €3H aics given 0.1 mg methyicholanthrene subcutaneously, 
Ilumg tuzer were found im 33% of mice killed im 16 weeks, amd $3% _ 
of these killed in 24028 weeks, The imeidence of eubcutanecys 
tumors was 40%. Feur miee had papillowas ef the skin, and 2 had 
Bepacomaks 


B, GoS7BL ieee 

4 single lung tumer nodule was found im 2 of 22 mica killed in 12 
te 24 waeks after 0.06 mg dibenzanthracens, and im mone of 17 mice 
Eliled in 12-27 weeks after methyicholanthrme., The tncidence of 

. sebewteneous tumers has been 10% in the dibenzeathracene group and 
35% in the methylcholanthrene group. Additional pathologic lesicas 
have developed in the mice given methylcholanthrene: one mouse had 
a thyecma, and another had leukemic implants im lungs, thymus liver; 
eplean lysph acdes, and kidney. Im 5 of 10 mice remaining 27 weeks 
afeer lejection of mathycholanthrene, a deformity of the chest has 
recently been noted. The xiphoid process is protuberant, aad the 
sternum is depressed and concave. 


3. A comparison has been made of the reletive susceptibility éc6 
lung temor induction of mice injected as newborns, end of mice ine 
jeeted at 1,3, and 6 weeks of age. General Purpose mice were usad 
fa this study, and were given either 0.06 mg dibenzanthracene of 
6.1 ag methylickolanthrene subcutaneously. Eight weeks after ine 
jection of either careimegen, the imeidence of lung tamores was 
_ about 50% fin the newborns, and 10-20Z ie the animals fafsetad at 
1,3, or 6 weeks eof age. By 16 weeke, che incidence im the 1 week 
old greup was canpsrable to that io newborns (86% and 83%, respectively) 
waile the incidence im the older ege growpa was still lew... By 
24 weeks, all of the mise injected at 1 week of age had lung tumors, 
while ia those injected et 3 wacke af ege, 17% ef the dibanzenthracene 
grctp, and mene of these given sethyichoanthrene kad developed 
lumg timers. Ya additien, the mamber of cumers per effected aouse 
decreased as the age at which the ecaréimegen was given was ime 
eressed (average of 1-3 per effected aouse im the 3 and 6 weeke of 
age groupe). ny 
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mec 


&, Effect of intraperiteneal administration of these carcinogens 
has been studied. Newborn General Purpose mice were injected 
intreperitoneaily with either 0.015 mg of dibenzanthracene of 
0,025 and 0.05 mg of methyicholanthrene contained in 0.05 ml of 
olive oif, One of 3 mice killed 24 weeks, and 31 of 34 killed 
between 35 and 42 weeks had multiple lung tumors. In addition, 

3 of the mice killed in 41 weeke had hepatomas, 1 had e hesanigiona 
of the liver, 2 had kepatic cysts, 2 had remal eysts, one had a 
Lesion ef the peretid glend, amother @ papilloma of the skin, and 
the cyarian tissue of 3 mics was largely destroyed and the ovary 
filled with large channels dileted with bicod, 





Significance to Cameer Research: The greater susceptibility of 

: newborn and very young suckling 
mice to chanical carcinegens may be of importance im setting safe 
standards fer the human papwleation. Furthermore, the use cf 
newborns offers the possibility of a more sensitive systes with 
wnich to-determins the carcimogenicity of food additives, ete. 
Carcinogen induced tumors would be useful in chemotherapy studies. 


ani 





fo evaluate the susceptibility of newbern mice to a few other 
earecingegzens. 


To determine wrether subminimal dese levels of 2 or more carcinogens 
heve an additive effect ead would result im lamg tumor induction 
is neubera mice. 


fo examine the possibility of using tumors induced in newborn mice 
&s @ te61 im evaluating the relative anti-tumor activity of drugs 
of imterest im cancer chenotherapy,. 


fo determine the e€feec of carcinsgens administered €o pregnant 
miee by intravencus er fimtreperiteneal route on the ineidence of 
tumers in their progeny. 
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PSS-NIA 2. CP & EF 
Yadivicusi Project Reporte 3. Bethesda 


Galendar Year 1959 
Pare As 
Project Titles Pharmacology of Alkyleting Agents 
Priaeipel Investigates; Montague Lene 
Other Investigeaters: None 
Cooperating Uaies:s Nore 


Man Years (calendar year 1959): 
Totals 2.0 
Prefessiomais 0.5 
Other: 1.5 


Project Deseription: 


Objectives: 
A, Laboratery. To study the pharmacological effects and 


anti-tumer activity of various alkylating agents in mice 
and. rats bearing established twaors so as to develep ine 
formation waick might faeiiitate the climfical trial of 
new agénts. 


B. Gilinigal, A. foe sebmit these agents to preliminary 
pharmzeslegieal éyisi im patients with advanced meoe lnsete 
diseases. . 

Bo o eerrelate the effects ef alkylating 
agents on ferrek{meties with varicue hematologic parameters. 


Mathods; 
emer. Laboratory. Usual pharmacategic, hanatologic, bielogic end 
histepathologie techniques, 
B. Clinical. Radieective fron erecer studies (ine ludizg 
external bedy counting), ehealeal determinations of iron, 
and usual elimiecal techniques. 


Major Findings: 


lr Ao Laboratory. 
1. fhe toxzleity of eyelephosphamide has been defined iz 
mise snd rats. Unlike HN2, the drug had Little effece =m 
gestro-intestinal epithelium, It fuveked a marked wege> 
karyceyte hyperplesia im the spleen and bens marrow 6-16 
days efter administration. The LDSO for wiee was about 
425 ag/ke and fer rats wes 150 agg. 
2. Cyclepkosphamide bas been shorm to be more effective 
than cther alkylating egents and mathotresate im prolenging 
the survival of aise with advenced I-1210 leukemia. I€ waa 
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simflerly effeetive against the G-azasuanine resistant sub= 
line of L-121G lenkemie (which Le eise 6-MP resistant). 

3. The agent has teen shown to be considerably more effective 
oa 8 once weekly treatment schedule than on other regimens. 

4 When given on such a schedule, cycleophosphanide has teen 
shown. to produce marked inereases im suvyival of animels beare 
ing well sstablisked tewors(lyaphoma Le2, carcinoma 241-6, 


Duaning Leukemia amd Dunning lyephesareema}, and te be fer 


more effective then aitrogen mustard. 


Clinicals 

1. A study of the pharmacology of uracil austard wes eexpleted 
im cooperation with Dre. Hall and Gelsky of the Bastern Solid 
Fumer Cheastazerapy Group. The degign of this study wes based 
upon infermation previeuely obteiuzed in amimeal and clinical 
studies at ME. Fre systemfte toxicity of oral desea of weracii 
mustard in gan was found to be similar te that of ineravencus 
Geses ef nitrogen austerd, i.e., nauses, vomiting, anorexia 

and bene marrow depression. The following doses were found to 
be tolerated fer § weeks with minimal toxfeity: 0.015 me/ke 
dsily; 0.2 mgfkg ance weekly: 0.45 ag/ks as a single dose: 

In this study, objective tumer regression was seen in sera 
patients with Hedgkin’s disease, lyaphosarcena , ead chronic 
lyaphosytic Leukemia. 

2. Farrckinetic studies were completed im one patient and 

are ia progress im a sesend patient. Upteke of Fe59 by rad 
celis was ghewn to be iepaired & hours etter e dese cf nitregex 
gustard. 


A. 


Laboratery. 2. The studies with uracil mustard and with 
cyelopkesphsmide have asephasised the fmportamce of evaluatiag 
the perfsrmance of drugs in animal tumor systems on the basis 
of eptisnm echedules of treatment. 

2. Tee results of the studies with cyelophesphemide 
im mouse leukemia gave encouragement te the eveluation ef this 
sikylating egent in adult and childhesd human Leukemia, in which 
ecaditicons ft hes pradeced ceme "“eouplete remiesions”. 

3. Tee consisteatly grester aatiotumer eererte 
obteined with intermittent treatment im animais bas provided 2 
pattern for the design of clinieal programs which camire the 
effects of Gigferenat schedules. 


Ciinical. &. Tee qualitative and quantitative aspeats ef the 
toxicity cf a chemotherapeutic egent must be detersined 
to extensive clinieal trial. 

2. the ferrckinetic studies aey provide insight inte 
the evelution ef hewatelogic changes wrich are induced by 
alkylating egents. 
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Fropased Courses 
A. Laboretory. Completion of studies of effeets of 
eyclopkeaphaside and ef mechanism of action of this agent. 


B. Giiaieal, Continuation ef ferrekinetie studics 
eurrently im pregress with nitreger mustard end other 


alkylating agents. 
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Part 5B. 


Lane, H.: Ereliminery report of animal atudies with eytosan 
(eyelcphosphamide). Cancer Caemotherapy Reports, No. 3, LG, 
1959. 


Lane, M.: Seme effects of eyelephosphamide (eytoxan) ca nezzal 
mice end mice with L-1210 leskenia. J. Nat. Cancer Imst. 23, 
Bee. 1659. . 


Lane, N.¢ The agtitumer activity of 5-biae(2’-chlereathylj)-= 
esinourécii farecil misterd). Gancer Research im press. 
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_ PHS=NCE . 2. GP & EF 
Indiwvidval Project Report 3. Bethesde 


Calendar Year 1959 


Pert A, 


Project Titles preclinical roxicalcey ef Drugs Potentially 
Useful ia Cancer Chenotherapy 


Principal qapestionees: David P. Rall 
Other Investigators; Margeret G. Kally 


Ccoperating Units: CENSG < NCI . 
(ey Hazleton PARSE Tee Falls Chureh, Va. 


Man Years (calendar year 1959) 


fotal 1/3 
Préteemenal 1/3 
Other 6 


Project Descriptions 


Objectives: The objectives of this project ere te study, in detail 
the quantitative end qualitative aspects of the 
tozielty of drugs potentially useful im cancer Chenc- 

therepy in order that new drugs may rapidly bué safely be breught 

up to the poiat of clinical trial. . 


Hetheds: Stenderd €exicolegical metheds are empleyed. 


Major Findings: The studies this year have been eoncerned with 
eytoxen, & new elkylating agent, 6-mereaptepurine, 4 azinepyrazcioc 
pyrimidine, altregen wustard, a combination ef various desea of G< 

- mereaptepurine and amethepterin, and actinomyein, as weil es further 


studies on derivatives of amethopterin and its halogenated derivatives 


and E°73. Séudies on the effect of age end sex on the toxicity of 
E-73 were axtended. Castration of male rate increased their _ 
susceptibility to E=73 5-10 fold and breught it inte the range of 
nermal female. YRere wae no difference in E-73 toxiefty between 
male and female degs. The pulmonary lesien observed im patients 
who received Eo73 was reproduced in the degs. Studies of nitregen 
mustard and of 6-MP eenfirmed in general previously recorded 
toxieologieal data. O£ particalar imterest is the finding that 
6-mercaptopurize in the deg increases serum ei on see oe ce activity 
at sub-leehal levels. 
The denonstration of the effectiveness of cytozsa against redent 
re when this alkylating egent was given at widely spaced 
intervals by Dr. Lane of this Service lad te a study of the 
toxieulogy of cytozen using widley sepased dese sehadulas in degs 
and rats. The sdvyantage, in terms of edministration of mere drug, 
of the less frequent drwg administration sehedules was clearly 
shown. Of partiewlar interest, aleo, is the peseibility that im 
the rat 10-14 days following a sub lechal dese of eytexaz (and alse 
enathop fer in} chere is a pertee of desreseed suaceptibilicy te the 
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the lethal action of the drug im question. Such an observation 
eould serve as the basis for an explanation of the inereased 
therapeutic benefit of certain dose schedules. 

One potentially {mportant study with the amethopterin derivatives 
has been the comparison of the toxicity of these agents when given 
by a constant infusion over a 48 hour period against repeated 
daily adzinistration. In dogs the constant 48-heur infusion is 
more toxie than is daily administration for 14 days. 


Signifisanse te Cemex Research: The drugs currerntly useful in the 
treatment of humen neoplasms must be given at mear toxic deses to 
achieve therapeutic resules. Therefere even anall differences in 
tonicity related €@ sex, age, route of administration and dose 
echedule, can be of considerable importance in clinical cheaotherapy 
simce this may lead to larger doses safely given te man. information 
for preclinical toxicology is quickly made available to the 
Cocperative Groupe of the CCNSC. 


Proposed Courses It is plenmed that this preject will be continued 
along the same linea ag above, Drugs showing promise in Br. 
Goldings quantitative animal tumor studies, or drugs obtained frem 
GENSG will be put inte thie toxicological appraisal before deo 
elding om the desa, rowte and schedule of administration in maa. 
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PHS=NTH kG GMB 
Individual Project Report 2. CP & ET 
Cslendar Year 1959 3. Bethesda 


Part A. 


Project Title; Effect of the Hypermetabolie Stete fn Malignancy ~ 
on Metabolise of Shyroxine and Hydrecartiecne. 


Principal Investigater: Leenarad Gaxren 
Gthar Investigaters: Neue 


Cooperating Units: Jacek Do. Davideen, No, NCYoie2@273 Mortimer 
Lipset, Ne. NCX-2-803 el 


Ham Years (calender year 1959}¢ 


Focal 3 i 
Prefessicnal; i 
Cther 2 9 


Prejece Deseriptions 


Objectives: Te vbserve if the hypeructavlie-eteze fvund in 
eertain malignant diseasas influences the metabeli aw 
of thyrexine and bydrceortigone similarly te that 

observed in the hypermetabsliar due to inypenthyrctds se: 

MeSaadss Labeled i3t thyroxine tad ct * eertisol sre injected 

fine vpacuacaboltc patiests and the rates ef dige 
appearance of theese harmones are fellawed, Subsequentis, after 
the malignazcy is treated and the patients are emmetabslie the 
studies are repeszted. 


Mejor Findings: Yke studies ere im progress and suffilelent 
data are ncst yet availiable. 


pitieance to Cancer Res@areh: Since the hypermetabelic state 
i Of malignamey at least su 
fietally resesbies that found 
fa kyserthyreidias, an izwestigation inte its «ffeet om upecii te 
parameters whieh hyperthyroidiax is kaown ts influenee should 
pexmit a better understanding of this metabolic abnermelity, 


Sig 








Propesed Course: 


1. Further studies es outlined above until guffieleme date are 
eecume lated, 


2, Fe imeostigate the rete of metubolies ef thave hermenes is 
hypezthyroidian in srder ta eetablish that the teskeiques used 
im these experimemta ere valid, 
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il. GMB 
PHSeNIH 2. CP & EP . 
individual Projeet Report 3. . Bethesda 


Galendar Year 1959 


Pare A, 


Project Title: Bicchemies] and Pharmacological Studies of 
 Humen Neoplasas in Tissue Culture 


Principel Yavestigator: Williaa C. Mohler 
other Investigators: None 
Cooperating Units: None 


. Maa Years (calendar year 1959): Patient Daye (ealendar year 1959): 


foetals 1 
Professiexzal: 1/2 
Gther3 1/2 — 


Project Deseription 


Objectives: 


13 Te develop practicable and reliable cocinitques for grovth 
and meagurezcnt im vitre of eelis from human biepsy weterial. 


2) se employ these methods 


a) fer studying the mechanism of action of therapeutic agenta. 

b) in developing a test for the sensitivity of a patient’s 
tumor to seleeted therapeutic compounds. 

e) es a means of studying bielogical and bicchemiecal 
yariation of human neoplasms. 


Methods; Gells are handled eg single cell suspensions and grew 
as monolayer sheats or clones, on giaas, in defined 
modia, supplemented whea necassary with serum or other 
bielegicais. 


Major Findings: York during the first half year of this project 
hes isvolved caly setting up methods fer growth 
and mearurceant ef standard cell lines. 





Significsnce to o Canser Resosreh: fhe measurement of growth and the 
metabolian ef normal and neoplastic 
eells im viere prevides @ waans of 
exemining the ecaditiona required fer asximel growth rates im nerasl 
and nesplastic tissues and the esnditiens ender which nesplastic 
eelle mey be sellestively killed er inkibited. 


Pare B ine ludeds Ne 
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es te grow new human eell Lines from selected human : 
cue) Cees Ni deosnetl atsention (20) Sperntapce methods Eor 


fo: i ell types’ 


ihcteae "elinfeal tects" of the sensitivity of biopsies of 
human neoplastic tiesues to selected chemotherapeutic agents. 
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PHS-Nie 
Individual Project Report 
Calendar Year 1959 


Part A: 


Project Title: Clinical Investigations of Malignant Skin 
Diseases and of Benign Conditions Related 
Thereto. 
Principal Investigator: E. J. Van Scott, M. D. 


Other Investigators: Richard P. Reinertson, M. Dee Arthur 
a ' @. Eisen, M. D. © 


Cooperating Units: Chemotherapy Service, NCL 


Man Years (ealendar Year 1959): Patient Days (calendar year 1959) 


Total: 2 
Professional: 2 
Other: eG 


Project Description: Continuation of G-F=708(c) of 1953 


Objectives: To etudy malignant processes im the akin and to 
carry ovt investigative therapy of cutaneous malignent 
conditions; to study benign hyperplasia of the epidermis 
in relation to malignant hyperplasia of the skin and 
organs. 





Methods Employed: 


Mycosis fungoides: This disease is treate i 
therapeutic drugs given systemically end with e@ 
xeradiation when indicated, and is further stud 
treated by other means derived from observations 


immunologic behavior of the disease. 








Basal cell carcinoma: Severe cases are treated with 5 
therapeutic drugs given systemically, with u-rays, and 
excision. The nature of the tumer is investigated in the 
patient by studying changes in the tumor eceurring in 
response to locally administered agents and to alterations 
in the stromal envirmment of the tumor. 





a 


Part B ineluded: ves / X/ wo ff 


865 








= 2 = Serial No. Ce7=<-708(e) 


Psoriasis: Severe cases are treated experimentally with 
chemotherapeutic drugs either applied topically to the 
skin or given systemically. The nature of the disease and 
the cutaneous lesion is studied in the patient. 


Patient Material: Patients of the Dermatology Service, NCI 


Major Findings: 


Mycosis Fungoides: Beneficial but temporary response of the 
disease has been observed follewing chemotherapeutic drugs, 
xevays and electron radiation; no new data has been collected 
relative to these forms of thefapy. 


A aunt patient with a previous diagnosis of mpcools 
fungoides has been observed to be totally free of this 
disease for over two years, the orlginal diseppearance 

of eutaneous lesions having been associated with a 

rather marked drug eruption. Whole blood from the patient 
has been transfused on two cccasions inte another patient 
with ES fungoides; no detectable effects on the 
recepient's disexse have occurred from this procedure. 
Attempts have been made te sensitize patients with M. F. 

to a number of drugs, In one patient this has been 
accomplished with resultant skin eruption, marked eosinophilia, 
fever and pulmonary infiltration suggestive of Loeffler's 
syndrome. Of five cutaneous tumors observed in this patient, 
three disappeared clinically, one underwent marked reduction 
in size, and one remained unchanged. (Remaining cutaneous 
tumors treated with z-ray. 


Basal Cell Carcinoma: Patients with sufficiently severe basal 
cell cancers have not been available for systemic therapy with 
chemical agents during the past year. 


Yarious lines cf study on epidermal and tumor growth have 
been pursued in patients with this disease, as well as 

with other diseases. Auto-transplantation of epidermal 
tissues free of doner site stromal connective tissue 
indicates that a tissue may be either incapable of survival 
in a mew envirenment, or that it assumes the characteristics 
of epidermal tissue normals resident im the receiplent site. 
Thus, fer example, oral mucous membrane upon transplantation 
inte the superficial corium ef ckin undergoes modulation into 
epidermis, but upon implantation into the deep dermis is 
incapable of surviving. Similar manipulation of bezal ceil 
tumor tissue has given preliminary indication that this tumor 
carmnoet survive in the deeper dermis unless accompanied by 

the stromal commective tissue of the donor site. 
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Peoriasis: Many chemical agents used in eancer cheme- 
therapy heve been applied topically to lesions of 
pseriasis. Complete clearing of lesions, clinical end 
histologic, has occurred within one week follewing twenty- 
four hour applications of nitrogen mustard, podophyllin, 
eolehieine, mercury, and tar. Cleared areas tend to 
relapse within one to several weeks. No lecal response 

to Methotrexeste has been observed, although thie drug 
markedly clears the skin of lesions when given systemically. 


Methotrezate, Actinomycin D, 5Flzorouricil and colchicine 

have been administered systemically te patients with psoriasis. 
Clearing of the skin has occurred following all these chemical 
AZeNES. 


Serial histological studies of lesions have indicated that the 
lesion cf psoriasis may be chsracterized as hyperplasis cf the 
epidermis, that hyperplasia is slowed with cytotexic agents, 
allowing normal keretinization te take place. 


Significance to Cancer Research: Project directly concerned 


with study of, and therapeutic influences on, cancer and 
related conditions. 
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Jal ace 
‘des Serial No. Cof=-728 


il, General Medicine Branch 
2. Dermatology Service 
3. Bethesda 


PHS=NiH 
Individusl Project Report 
Calendar Year 1959 


Part A; 
Project Title: Structural and Physiological Characteristics 
of Normal end Pethclogical Epidermis and 
Hair Reots. 
Principal Investigator: E. J. Van Scott, M. D. 


Other Investigaters: Richard P. Reinertson, M. D., Robert 
G. Crounse, M. D. (Research Fellow) 


Cooperating Units: All clinical units of NCI, to some degree. 


Man Years: (ealendar year 1959) Patient Days (calendar year 1959) 


Total: 3 
Professional: 1 
Cthers 2 


Project Deseription: Continuation of C7<-728(c) ef 1958 


Objectives: To investigete structural and physiological 
characteristics in epidermal and supporting 
tiseues in pursuit of understanding wide ranges 
of growth aetivity of epidermal tissues and 
vegulatory factors thereof. 


Metheds Employed: Tissues are studied histolegically and from 
reconstructions of specific structures. Total number of 
eells and mitotic figures counted micreseopically, volume of 
specifie tisgue structures calculated from microscopic 
measurements, geometrie velationships . 


Further comparisons are made on the basis of structural 
changes, particulerly changes in hair roots, fellowing 
ionizing radiation or drugs. 


Normal scelp hair reots are cultured in Algire millipore 
filter chambers implanted in the abdomen of mice to study 
growth regulating factors. 








serial No. C-/-728 


as 2 a 





Patient Material: Tissues etudied or used are from 
hospitelized patients and out-patients of Dermatology 
Service and other clinical services of N.C.I. 
Differentiation of epidermal cells and regulatory 
influences on keratinization are studied in patients 
by manipulative autc-implentation of epidermal tissue. 


Major Findings: The essential dependence of hair growth 
on the connective tissue dermal papilla has been 
further elucidated in humane from histological studies 
of geometric relationships within the hair reot. Mitotie 
activity of the germinative metrix is directly pro- 
porticnate to the number of cells in the papilla, 
1 mitosis normally and uniformly present per 8 papilla 
celis. Permanent baldness in alopecia areata has been 
found to be associated with destruction of the dermal 
papilla. 


Mitotic activity, decreasing in successively higher 
levels of the hair bulb, fis found to further be a 
function of the srea of the dermal Papilla to which the 
matrix cells are exposed and te the transverse thickness 
of the matrix at each level. 


Reversible damage to the growing hair roots of the human 
scalp has been found following a number of chemotherapeutic 
agents, including methotrexate, di-chloro-methotrexate, 
5~fluorouracil, actinomycin D, thio-tepa, colcemid, cytozan 
and vinca levkoblastin. Damage to hair roots has been 
found to be a sensitive indicator of systemic effects of 
these drugs, occurring with equal or greater frequency 

than changes in WBC, platelets, or reticulorytes. 


The process of keratinization of epidermis has been 
studied in huaans by imbedding-isolated epidermis intra- 
dermally. Differentiation of cells and kerstinization 
eccurs in the central arees of masses of implanted celis, 
suggesting several mechanisms by which keratinization an 
differentiation may occur. 


as 


Lg s@ to Cancer Research: The studies are @ireetly cance 
eoncerncd with cellular reproduction, destruction or 
quiescenée, phenomena primary in studies of cancer. 





Proposed Course of Project: Centinuation along lines ¢ generally 
as indicated in the £oregoing. 
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Serial Ne. G-7=-730 
1. General Medicine Branch 
2. Dermatology Service 
3. Bethesda 


PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Part A; 


Project Title: The Biochemistry of Nermal and Pathological 
5 Epidermis. 


Principal Investigator: Simon Rothberg, Ph. D. 


Other Investigators: Eugene J. Van Scott, M. D., Robert 
G. Crounse, M. D. (Research Fellow) 


Cooperating Units: None 


Man Years (calendar year 1959): Patient Days (calendar year 


Total: 3 1959) 
Professional: 2 


Other: 1 
Project Description: Continuation of €72730 of 1958 


Objectives: To study the biosynthesis of the major protein, 
keratin, in normal and abnormal epidermis. Knowledge ef 
this process will permit examination and comperison 
the nature of the protein synthesized in normal and 

. diseased states. 


se 
ge 
S 


as to 


Evaluation of the differences between the major keratinous 
protein (or proteins) of normal and pathological human 
epidermis in order to determine whether an abnormal keratin 
does or dees not exist. 


Estimation of the arginase content of the dissected com 
of the human hair reot. 





Description of the Krebs-Henseleit urea cycle in human 
epidermis. 
Part B included Yes /X / No /__/ 
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Methods; Solubilizetion, isolation and purification of the 
major protein fractions present in normal and pathological 
epidermis are made, Comparisons ere made of the fingerprint 
patterns produced by the individual proteins in order to 
detect differences in these proteins which may otherwise be 
undetectable. 


The peptides obtained by trypsin and chymotrypsin hydrolysis 

of the purified protein fractions are separated utilizing, first, 
one dimensional descending chromatography and then high voltage 
electrophoresis. The location of the peptides is visualized by the 
ninhydrin reaction with the peptides. '"Fingerprint’' patterns of 
the protein fractions are compared and the peptide differences 
between different pH fractions of the same tissue (epidermis, 
psoriasis scale, or ichthyosis scalejor between similer pH 
fractions of different tissues revealed. 


The possibility Nat cleavage of disulfide bridge oceurs when 
the protein derivatives are solubilized is tested by titrating ~ 
sulfhydrl groups, using p-chloromercuribenzoate according to 
the methed of Boyer, 


Human hairs obtained by epilation sre separated inte their 
various components by microdissection. Arginine essays are 
performed by a microadaption of previous incubation precedures 
plus the microdiffusion techniques of Conway for determination 
of the ammonia (resulting from urease hydrolysis of urea). 


Evaluation of ornithine transcarbemylase, and arginine syathe- 
tase in epidermis is achieved by two methods. The first 
method utilizes pre-existing techniques, assaying with en 
excess of substrate in each case, while the second employs 
radioactive C-14 arginine, and labelled ornithine and 
citrulline derived thereof, in tracer amounts. Products of 
the tracer reactions are separated by high voltage electro= 
phoresis, eluted, planchetted and counted in windowless gas 
flow system. 


Major Findings: The peptide patterns obtained for each of the 
nine different protein frecticns reveal major similarities 
between the protein fractions of each tissue. Although 
differences are found in the peptide patterns of normal 
epidermis, psoriasis scale and ichthyosis scale, it is net 
certain whether these peptide differences are due to abnormal 
keratin. 


Sis 
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Solubilization of protein did not require cleavage of 
disulfide bonds; however, a difference in hydrogen bond- 
ing of the proteins of the epidermal tissue is indicated 
Erom the different. peptide groups present in the fractions 
examined, 


Preliminary findings indicate that glycine-cl4 incorporation 
into the proteins of the epidermis is maximally refle 2cted 

in the stratum cornevm 25-30 days after intravenous admine 
istration. 


The microdissected components of epilated human scalp hair 
roots assayed for arginine activity showed activity in the 
sheaths but not in the bulbar portion of the epilated roots. 
This finding discounts any local relationship of arginase 
activity with the protein synthesis of the keratinous 
material of the hair shaft. 


Utilizing the two methods described above, the enzymes of — 
the Krebs-Henseleit urea cycle other than arginase, are 
found to be ebsent in fresh surgically obtained human epi- 
dermis. 


Significance to Cancer Research: Although the diseases 


discussed in the werk are benign, comparison of the protein's 
synthesized by the cell in normal and hyperplastic epidermis 
would seem to be important. Evaluation of the differences 
may also help to indicate the nature o£ the alteration of 
nermal protein to EOE ebnormal protein. 


Other basic information in the process of protein biosynthesis 
in normal epidermis shovld aid in evaluation of protein bio- 
synthesis in malignant epidermis. 


Propesed Course: Continued evaluation of the "finge Bee. 
peptide patterns produced when the protein fraction is dige 
by only one enzyme (trypsin or chymotrypsin), will lead to 
clearer peptide pattern and should thus enable a more crit 
appraisal of the peptide (or amino acids in peptides) diffe: 
ences between the protein fractions. 
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Studies of the biosynthesis of protein in epidermal tissues 
in vitro and in humans are now in progress and continuation 
of these studies is intended. 
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Ll, Gemeral Medicine Branch 
2. Mataboellem Serviea 
3, Rethesda 


PRS-Rin 
individual Project Repret 
falendar Year 1959 


Part Ay 
Preject fitle: Serum Preteime Studies 
Principal Investigator: Jobn L. Fahey, 3, 3B, 


Gther Investigator: Yor the studies with radio iodinated gamma globulins, 
- Bea, T. Waldmann and Paul Schwab 


Cooperating Waits: Vor the study of neoplasms im mice - 
Laboratory of Blelogy, NCE (Br. H, Petter), 
For the stwdy ef “euto immsne" diseases im wan < 
Laboratory of Metabolism, BRI (Dr. #. Goodman). 
Por tha study of red blood cell antibodies - 
Bloed Bank, Clinical Center (Br. P, Schmidc). 


Beau Years {calendar year 1959) Patient Baye (calendar year 1959) 
Totals 3 
Professional: 1 
Others 2 


Project Beseripticn: 


Sojectives: The object of this project is te determine physicochemical, 
wetabolic and other characteristies of the serum proteins found normally 
and in asaeciation with malignant disease, the role of selectad proteins 
in the modification or ganifestations of disease, and the usefulacss of 
germs preteins as easily eccessible indices of disease activity or 
therapeutic effectiveness. 


Methods Baployed: Quantitative and qualitative chemical, physical, and 
iseumochemiea! procedures, aa well as tests for biclegic activity are 
used to measure and characterize, whe @ possible, individual preteing, 
Radioisetopically labelled (13lor c**) proteing im tracer amounts are 
wtilized for metabolic studies, Fractionation of the complex mixture of 
normel serum proteins are gone by electropheretic, chromatographic, 
solubility and other procedures, 


Patient Bateriai: Sera were ebtained from patients admitted to the 
Metaboliem Service, MCI, from ceoperating units throughout the National 
Gancer Institute end the Natiomal Imetitetes of Health and aleo from 
phyzicians in the metropolitan Washingten area and througheut the 
country, Glinical information was available on all of these patients and 
selected patients were admitted te the Cliniesl Center for detelled study. 
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ege Serial No,.NCi=6<702=(e) 


Major Findings; The gemma globulins of normal serum were clearly shown 

to be a large family of related but not identical protein molecules, 
Subgroups within this pretein family were then investigated in detail 
father than treating the gamma globulin as a komogeneous unit, Two major 
‘groups of gamma globulins, with ultracentrifugal sedimentation coefficients 
of 18S and 6.65, can be separated by anion-exchange cellulose chromatography, 
ané the latter group can be further eubdivided into 4 or more 6.68 fractions. 
Detailed characterization of these fractions revealed that the 6.6S gamma 
globulins were, indeed, a family of molecules sharing similar wltracentri- 
fugal and inmunochemical properties but differing in electric anes hexose 
eontent and antibody activity, 


A similar family of molecules was found when myeloma proteins, from 
the sexa of 38 patients with multiple myeloma, weré examined in detail, 
These myeloma proteins, which were either homogeneous or combinations of 
a few closely related proteing, appeared to be representative cf proteins 
normally present in serum in small amount, Similar ebservations were made 
on the serum myeloma proteins associated with 8 transplantable mouse plasma- 
cell neoplasns, 


The individuality of the myeloma proteins, coupled with the previous 
demonstration that myeloma protein ie formed im the plasma-cell tumor, 
indicated that each plesia-cell malignancy was. functionally distiner and 
that each tumor could be identified by its seluble serum preduct, the 
myeloma protein, 


it fellows from the above consideration that, age the variety of myeloma 
proteins represent a variety of plasme-cell neoplasms, the spectrum of 
normal 6,68 gamma globulins very likely represent a spectrom ef individial 
normal plasme-cells, 


individuelity of ganea-globulin producing calls was also shown in & 
study of seri antibodies. Many antibedies were found te be 6.68 gamma 
globulins, but a number of antibodies were found to be 188 gamma macre 
gicbulings, Why an antigen induces a particular type of antibedy -ré 3 
be determined, The question is further complicated by the observations thai 
different individuals sey have different types of antibody to a partic: 
antigen and that several physicochenical types of antibedy moleeules x be 
foumd to a single antigen, Combination of physicochemical and immmcelogic 
technics, however, have been developed which permit recognition aad 
investigation of these apparent complexities, 












Significance to Cancer Research: The evidence presented here is entirely 
censigtent with « unicellular origin of multiple myeloma, Arising i 
single cell the neoplasm apparently epreads by metastasis to the mul 
sites go frequently encountered in clinical practice, 
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; The myeloma protein has proved te be an important metabolic merker 
for plasma-cell neoplasms, It is accessible, readily identified and easily — 

quantified, With the demonstration in mouse tumors of a direct correlation © 
between the emount of tumor and the amount of serum myeloma protein, it 

would seem that serial quantitative measurement of the serum myeloma protein 
_ may be sore valuable in assessing the clinical course and response to therapy 
of any individual patient than serial bone marrow aspirations ox skeletal 
_roentgenographic examinations particularly in view of the uneven distribution 
of myeloma cells and the difficulties in Pikman Guantitactvely they) 4 

; roentgenographic bone changes, 


j Proposed Course of the Project: It is proposed to investigate the effect 
of malignant plasma-cells on the remaining normal plesma-celis, the synthesis 


q of myeloma proteins and related proteins by the malignant plasma-cells, the 
: metabolic alterations induced in the gamun globulins by plasme-ceil 
; malignancy, and the significance, in terms of normal proteins, of the finding 
of myeloma proteins of the beta globulin electrophoretic mobility and multipie 
components, 6.65 - 15S, in the witracentrifuge, and other properties 
suggesting a relationship to proteins normally formed in the plasma-cells, 

| = 
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PHS-Ni# 
individual Preject Report 
Calendar Year 1959 


Honors, Awards, and Publications 


Publications other than abstracts: 


Fahey, J,L. and Horbett, A.?., Fractionation of Gamma Globulin 


.by Anion-Exchange ‘Cellulose Chromatography. J. Biological a 


234: 2645-2651, 1959, 


Fahey, J,L. and Morrison, £.G, 


Separation of 6,68 and 18S Gamma Globulins with Teoheaapala inin 


Activity, J. Laboratory and Clinical Medicine, in press, 


Goodman, H.G,, Fahey, J.L., Malmgren, R.A, and Brecher, GC. 
Separation «uf Factors in Lupus Erythemetosus Serum Reacting 


with Components of Cell Nuclei, Lancet, 2: 382-383, 19359. 


Fahey, J.L, and Potter, M, 
Bence Jones Proteinuria Associated with a Transplantable Mouse 
Plasma-Cell Neoplasm, Nature, 184: 654-655, 1959, » 


Fahey, J.L,, Potter, M., Gutter, F,J. and Dunn, [TaBe 
Distinctive Myeloma Globulins Associated with e New Plasma-Cell 
Neoplasm of Strain C,H Mice, Blood, in press. 


Potter, H, and Fahey, J.L. 
Studies on Eight Transplantable Plasma Cell Neoplesms of Nice, 
J, Nat'l, Cancer. Inst., in press. 


Dunn, T.B., Potter, M., Fahey, J.L. and Merwin, RL. 
Morphology and Serum Protein Changes in Plasma-Cell Neoplasms — 
in Mice, Archivio “del Vecchi” per l'Anatomia Patologica, 


in press. 
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3, Bethesda 


PHS- NIH 
individual Projeet Repert 
€alendar Year 1959 | 
Part A: 


Project Piele: Studies of Porphyrin Metaboliem in the Tumor Bearing 
Host and Porphyria. 


Principal Investigator: Donald P, Techudy 


Other Investigators: Annie Colling, Emmanuel Hellman 





Cooperating Units: ‘Fone 


Man Years (calendar year 1959) Patient Days (calendar year 1959) 


Total: 1 3/4 
Professional: ahh 
Other: 1 


Project Description: 


Osjectives: To study twaor host jaterrelationships from the standpoint 
of porphyrin synthesis in ilver and red cells, 


fo study the effects of vitamins, drugs and hormones on 
porphyrin biosynthesis, 


To study biochemical shnormalities of acute intermittent 
porphyria, 


Hethods employed: 
A. Quamtitati e enzyme deterg@inations 


B, Assay of wrine fer porphyrins, porphyrin precursors, 
uric acid ard amino acids 

G Use of € & glucose, acetate and pyruvate in homegenatesa in 
measuring their rate of conversions to fatty acide. 
cholesterol and €0,. 


Patient Material: Red ceil enzyme etudies will be performed in patients 
with malignancies and patients with acute prephyria are being studied, 


Major Findings: The synthetic analogue of S-aminolevulinic acid which 
ig a potent inhibitor of ALA dehydrase a vitro has not been active 
in vivo by methods used thus far. 

Attempts to demonstrate a hwmoral factor produced by 
tumors which causes the decrease in hepatic ALA dehydrase have been 
inconclusive, Adrensl cortical hormones diminish the activity of 


Part B, included Yes No xX 
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hepatic ALA dehyérase, but the decrease of this enzyme cccure 
in the adreuslectomized tumor bearing hest. The enzyme decrease iz 
therefore not secondary to adrenal certical activity. Injectious 
ef “texohermoge'" preparations fail te cause any decrease in ALA 
éehydraga. 


 Signifiesnce to Cancer Research: The decrease in hepatic ALA dehydrase 
hss been found ic all tumer bearing hosts examined thug far (when che 
temor is visibly enlarged). This suggests a biochemical abnormality 
common to aslignant tumors. Studies of this abmormality may emab e 
ws to wnderstand s .ecific mechanisms whereby a ma‘ignamt tumor affects 
the host. 


Proposeé Course of the Project: 
A, Te study relationships of carbohydrete metabolism aed Krebs cycle 
activity to porphyrin syathesis and porphyria. 


B. Te study further chemical abnormalities im acute porphyria. 


Bit 
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' lL, General Medicine Branch 
2, Metabolism Service 
3, Bethesda 
PUS-NIv 
Individual Project Report 
Calendar Year 1959 


Part A: 


Project Title: Metabolism of Nutrients and Calories in 
Neoplastie Disease, 


Principal Investigater: Doneld M. Watkin, M.D. 
Other Investigators: Qonald P, Tschudy, M,D., N, 2, Berlin, M,D, 
i Clinical Associates: Peter S, Mueller, M,D., 
teh i . Robert Couch, M,D. 
and Leon Rosenberg, M.D. 


Cooperating Unite: ‘Surgery Braneh, NCI; Biochemistry Branch, NCI 


Man Years: (calendar year 1959) Patient Days (calendar year 1959} 
Totals &,3 
Professional: 1.5 
Other: 2.8 


Project Deseription: 


Objectives: Investigation of the over-all and intermediary metebolian 
ef fat, carbohydrate, protein, minerals, electroytes, vitamins, 
ealories and water in patients during the natural course of neoplastic 
disease, and during thelr responses to nutritional, physiological, 
pharmacological, endocrine, surgical or radiologic stress, 


Methods Employed: 1), The metabolic balance technique to quentify 
changes in the composition of tumor and host and fer measuring the 
over-all metaboliam of nutrients and calories. 


2). Galculeation of insenaible water loss fro 
insensible weight loss and metabolic balance data, 


3), Bomb calorimetry for the direct determination 
of calories in dietary intake, and in urinary and fecal excretions, 


4), Measurements of the respiratory quotient (R.Q.), 
and basal metabolic rate (B.M.R.) by opan cirewit indirect calorimetry, 


Part B included Yes X No 
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5). Estimates of body fat and body denaity by 
measurement of skinfold thicknesses by skin-fold thickness 
calipers and by means of tritiated water® and helium dliution® 
techniques (@ with Br. B I, Berlin), 


6). Measurement of uric acid in blood, urine, and 
body tissues and fluids by an enzymatic degradation technique. 


7). Measurement of plasma unesterified fatty acids, 
CU F A). 


8), Quantitative extraction of lipids f:om tissue, 
feod and feces, 


9). Protein pool turnever studies using gi? labeled 
amino acids (with Br, Donald P, Tachudy). 


Patient Material: 

1} In-patiente, 11-17-58 1 

2) in-patients admitted, ; 
11-17-58 through 11-16-59 


a) Initial 14 
b) Readmission 5) 
3) Bormal Controls 22 





i 
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Hajor Findings: Interpretations of data from investigations conducted 
during the past 12 months has advanced appreciably our understanding 

| of a syndrome often observed in patients with neoplastic disease, 

fhis syndrome which for purposes of identification will be called the 
| “host-weight loss" syndrome, consistea of host weight loss, negative 
calorie balance, a change in body composition characterized by a 
decrease in the per cent fat and an increase in the per cent lean 
body mass, a low basai respiratory quotient (R,Q,) and an increased 
basal unesterified fatty acid (UPA) concentration, 


A. An 11 year old boy with renai aminoaciduria, a unique 
condition which is analogous to neoplasia im that it robs the body 
nitrogen pool of amino acida required for synthesia of pretein in 
normal organs and tissues, has demonustrated the key features of the 
syndrome mentioned above, Supplementation of his daily diet with 
amounts of threonine (1,0 gm.) amd lysine (0.5 gm.) dowble the 
quantity being lost in his urine was associated with increaed growth, 
positive N balanee and an imcresse in total daily energy expenditure, 
Wl5-isbelled aspartic acid turnover studies were performed in this 
patient to measure nitrogen kinetics at two different levels of 
protein intake, 4 gm, per kilo of body weight per day and 2 ga. per 
kilo of body wight per day. Mass spectrographic determinations 
essential for the interpretation of these stwdies have not yet been 
completed, 
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Significance to Cancer Research: These findings suggest by analogy 

thet neoplastic disesse may induce the above aentioned syndrome by 
extracting aminc acids from the bedy nitrogen pool and that identification 
of and supplemeatation of the host dietary with the extracted emine acids 
way offer a seams of reversing the sanifestations of the syndrome ia the 
Rost, 


Proposed eourse of project: Current studies in this patient are testing 

the bypothesis that thea growth observed during threonine and lysine 
supplegentetier was the result of the patieat'a receiving the specific 
amino acids, not merely nonspecific nitrogen. Projected studiea include 
the forgzlation frce urinary emino acid exeretion data quantified by coluaa 
ehromatography of a chemically defined dietary supplement which will 
provide this patient with a total dietary of the highest biological value, 
fais sepplemeat will then be tested fer its ability to reverse che 
genifestations of the host-welght-loss syndrome which this patient displaya. 
During these investigations the relationship of total caloric expenditure 
to protein synthesis will be quantified by the aeasurement of insensible 
water loss, by indirect calorimetry and by changes in body composition 
between twe peints in time, H'--lebelled aspartic acid ternover studies 
will be incorporated into the experimental design to provide information 

om nitrogen kinetics for cosparison with the two previous studies perfcermed. 
at two levele of protein intake which were geationed above, 


B. Previous investigations of this project have demonstrated that 


‘ ingestion of nermaily adequate dietary preteia and caloric hyperalimentation 


with intravenously administered fat emelsiona stismlate tumor protein 
synthesie more than host protein synthesis, Gther studies before, during 
ond after chemotherapy of weyeloproliferative diseases have shown that, only 
after reduction of tuzor protein synthetic capacities is the host able to 
respond to the protein enabolic effects of diet, These findings suggested 
that a petert physiolegic amabolic stiswlus for the host which would not at 
the seme tise either stimelate or poison the tumor would permit measurement 
ender truly physiclogice conditions of host-tumor competition, particularly 
for amine acids and caleries, under circumstances such that the host would 
have more of a competitive advantage than im gore conventional experimental 
designs, Exercise waa selected as the gest physiologic anabolic stimulus 
known. 


Five young patiente with neoplastic disease have been observed before, 
during and after many consecutive days cf exereige on a mgotor-drivea 
treaésill, Four cf these whose studies have been completed (one is atili in 
progress) showed the following in association with exercise: 1) loss ef 2 
possibly due te leas of tissue high im P and low in 4 and rewtilization ef H; 
2) a decreesed excretion ef uric acid; 3) a lowered basal respiratory 
quotient; 4) a lowering of imereased WPA concentrations due to active 
neoplastic disease but an increase in UPA concentrations already in the 
wormal renge; and 5) a change in body composition characterized by a loas 
ef fat and water, 
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Significance to Cancer Research: These studies suggest that organ 

; and tissue anebciiem caa ecoar under the influence of a normal physiologic 
 stimslus in the presence of neoplastic disease, The changes in the 

q parameters measured mey be interpreted as showing that exercise does 
stimulate effective hest competition with twmer for tke ingredients of 
protein synthesis, 


Proposed course of project: Completion ef present etedy of a patient 
with chrenic myelocytic lewkemia, am ideal disease for study because of its 


long and benign course and the multiple, essily measurable paraszeters it _ 
affords for study, Reeraitment and study of suitable noreal controls in 
the sams age group. Betermination of the quantitative relationships batween 
tetal bedy calorie expenditure and the synthesise ef protein during exercise 
in temer-besring and nomtumer-bearing hosts, 





& Previews lavestigations under this project have demonstrated that : 
the basal respiratery quotient (B.Q.) is low, the basal plasma wnesterified . 
fatty acid (DFA) concentration high and the basal metabolic race (BSR) 
variable from very low tea very high in patients with active neoplastic 
disease who are consuming an sdequate dietary, 


fo examine the metebolic rate GR), the RG. and the plasme UFA 
concentration threughout the day as well as wnder basal conditions, 18 
“feeding-fasting' studies were performed in 13 patients, Buring the 
first day, the patient ate his usval constant diet, Yrom the evening 
of the first dey to the morning of the next following day, he fasted. 
Measurements of the metabolic rate, the R.Q., and the plasma UFA concentrat- 
ions were aede pericdically throwgheut the study, 


Patients with active neoplastic disgaese either showed a low 8.9. and 
high UFA at the beginning of their fast period or desonstrated a change to 
low BQ. and high UFA within 12 howrs of the begimming of the fast, Patients 

with inactive disease and norgal subjects required from 16 te 24 howrs and 
eczetiges 36 hours to reach the same low R.Q,'s and high UFA concentrations 
observed in the patients with active neoplastic disease, The metabolic 
rate remained elevated in petients with extremely active disease despite 
fasting, whereas in patients with leas active disease and in normal subjects 
the metebolic rate was found to be lower at any partisslar point in time 
relative to the feeding” day. 


Significance to Cancer Research: These studies demonstrate that patients 
with active neoplastic disease respond to fasting by a shift from a 
metabolic mixture with en R.Q,. of 0.8 % 0.85 to a metabolic mixture with 
an R.Q. of 0.65 to 0.7 and by increasing their plasma UFA concentrations as 
a means of mobilizing fat in far shorter tiges than do patients with 
inactive disease or normal subjects, There is no direct relation between 
metabolic rate and changes in 2.Q. and UFA concentrations, since several 
patients with active “seas. hed normal or even low metabolic rates, These 
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findings suggest the preseace of am abnormality in lipid mobilization © 
and wtilization in the patient with aetive neoplastic disease not noted 
in normel subjects or im pstilents 111 with other diseases, 


 Eytwwe course of project: Additionel studiea in patients with very 
 getive neoplastic disease and in other nonneoplagtic conditions 
associated with hypermetabolism such as pregnancy, hyperthyroidism, fever, 
acute anxiety and chronle exercise, 


B As a step im developing further the role of the amino acida in the 
genesis of the host-weight-loss syndrome, the efficacy of water solvbia 
chemically definad diets (supplied by the Biochemistry Branch) in host 
maintenance and repletion were studied iu two patients transferred to the 
Hetabolisu Service from the Surgery Branch with inactive neoplastic 
diseaze, 


Bata from these studies indleate that diets containing L-amino 
acids sre suitable for beth maintenance and repletion but are gore efficacious 
when given at the 50 calorie par kilo of body weight level than at the 35 
calorie per kile of bedy weight level, They also suggest that D-L amins 
acid gixtures say also be efficacicusly used b; the hest after sn 
equilibration or adjustment period of about 6 days, 
Significance to Cancer Research: These diets may be varied in their 
composition exactly to conform toe the optimum biclogiesl] value for a 
gives patient, Hence they provide en invaluable tool with which to 
approach the difficult problem of the role of the amine acids in the 
genesia ef the hest-weight-loss syndrome, 





Future course of project: Ynvestigation into the reason behind the 
observation that purified amine aeid diets require more eslories for 

a given degree of nitrogen retention than do isonitrogenous diete 
compesed of whole pretein, As greater supplies ef amino acids are 
available, stedies toe develop specific mixtures of amino acids with 
highest biological values for normal subjects and for patients with one 
specific neoplastic precess will be undertaken, 
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Part B, Honors, Awards, and Publications 
Publications other than abstraets from this project: 


1) Levenson, S.M., and Watkin, D.M., Protein requirements in injury 
and certain acute and chronic diseases, Federation Proceedings, 
December, 1959 (In Press), pp, 31-66, 


_.. 2) Gyorgy, P., Chairman; Wallace, W.M.; Hegsted, D.M.; Harper, A.E.; 
Waterlow, J.C.; Watkin, D.M,; Ross, M.H.; and Serimshaw, N.S. 
_ Symposium on protein reyuirement and its assessment in man, 
Federation Proceedings, December, 1959 (In Press). 


3) Shaw, R.K., Moore, E.W., Mueller, ?.S., Frei, E., IL1, and Watkin, D.M 
The effects of actinomycin, D on childhood neoplasms, A.M.A. J. Dis, 
Child, (In Press), 


4) Watkin, D.M. Protein nutrition in neoplastic disease, Food and 
Nutrition News, 30: issue #9, pagesl & 4, June 1959. 


The following manuscript has been submitted for approval: Mueller, P.S., 
and Watkin, D,.M. Plasma unesterified fatty acid (UFA) concentrations in 
neoplastic disease, {For publicetion in J, Clin, Invest.) 


As of November 15, the following manuscript is in the process of 

final typing prior to submission for approval: Watkin, 5.M,, and 

Steinfeld, J.L, Metabolic relationships between tumor and host 

during large-dosage prednisone therapy in human neoplastic disease. 
‘ (For publication inJ.N.C.%. ) 
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Serial Bo, BCI-6-723(¢ 
lL, General Medicine Branch 
2, Beteboelism Service 
3, Bethesda 
PHS-HIn 
Individsal Project Report 
Calendar Year 1959 
Part A: 

Project Title: Studies of Huzen Serum Albusin Labelled with 2/2! 

Principal Investigator: Thomas A. Waldmann, M.D. 

Other Investigators: Robert Gordon, H.D. (HHI) and Julius White, Ph.D, 


Csoperating Waits: Laboratory of Physiology National Cancer Institute 
Hational Heart Institute 


Ban Years (calendsr year 1959) Patient Bays (calendar year 195%) 
Total: i 
Profeasional: 1 
Other: Q 


This project was divided iato Projects XY and 13, See attached, 
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Serial No, RE€E-6-723¢e 

1, General Nedicine Branch 
2, Wetaboliew Service 

3, Bethesda 


PHS-HIn 
Individual Preject Report 
Calendar Year 1959 
Preject I 
Part As 


Projest Ticle: Distribution and Begradation of Husean Serus Albuain 
Labelied with 1131 


Princ£val Investigstor: Thomas A. Walézaamn, BLD. 
Other Investigators: Julius White, Ph.D. 


Ceopsrating Waits: Laboratory of Physiclogy, Batienal Cancer 
Enestitute, 


Peejest BDeseriptions 


Gbiectives: Te determine the controlling mechanisms of albumin 
syathesis and degradaticn im normais and patients with cancer. 


Mecheds Eaployed: zit albusin is given intravenously to individuals 


receiving Lugol's Solution, Biced and 24 hour urine and stool 
collections are assayed for cians Cer for 28 days te determine the 
albemin degradation kinetics, Glycine is given intravenously, 

aad its eptake tate serum albumin and globulin is determined by 

masa spectrometry. 





Patient Haterlal: The studies were performed on a patient with 2 
cerebellar hemangioblastoza, 


Hajor Findings: The percent of the body albumin degraded per day 
wes increased 60 percent and the rate of albumin synthesis decreased 
approximately 40 percemt following daily infusion of 50 grams of 
albumin a day for 10 days. 


Significance to Caneer Research: {This study is directed toward 
determining the facters involved in the control of the production 

and destruction of serus albumin, as a part of a study to determine the 
cause of the hypoalbuminemia in cancer patients. 


Proposed Course of Study: To continwe the studies to determine the 
effect of alterations of the albumin and gamea glebulin peol sizes 
oa the rate of synthesis ef these proteins, 


Part B included: Yee Woz 
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1, General Medicine Branch 
2, Metabclise Service 
3, Bethesda 


PaS-Hil 
Individual Project Report 
Caleadar Year 1959 
Project If 


Part As 


Froject Title: the, Distribution aud Begradation of zit Albusin and 
%"” Pelyvinlpyroellidene in Petients with Idiopathic 
Bypoproteinemia and Gastrointestinal Neoplasas 


Principal Investigater: Thomas A. Waldasan, M.D. 

Gther Investigators: Robert $8. Gordon, HD. 
Cooperating Units: National Heart Institute, LCFH, 
Project Beseription: 


Objectives: To study the pathogenesis, clinical pattern and the 
kinetics of albumin destruction in patients with idlepathice hypo- 
albusinenia, 

Methods Employed: 15+ lebeled albumin is given intravenously to 

an individweal receiving Legols solution, Blood, Be 24 howr urine and 
stocl semples are assayed for radioactivity, I polyvinylpyrollidone 
(PVP) is given intravenously and stools collected in the subsequent 4 days 
are asssyed for radioactivity, 

Patient Material: 30 woe albumin studies have been performed in 18 
patients with idiopathic hypoalbuminesia, 

Major Findings: On the basis of the 1'>* albumin studies and clinical 
data patients with idiepathic hypoalbumainemia fall into two majer groups 
the hypoanabolie and aypercatabolle, The hypoanabolic, patients Rave an 
isolated deficit in aibwmin synthesis with prolonged I albumin 
survival and secondary hyperglobulinesia and hypercholestersleatis, 

All ef these abnormalities are corrected by albumin infusion, The 
hypercatabolic patients have normal or slightly increased albumin 
synthesis but rapid degradation or loss of albumin, All of the patients 
with idlepathic hypercatabolic hypoproteinesia and with ulcerative, ,, 
gastrointestinal diseases show an elevation of the zacrazolecule I~” 
PYP in the 4 day stool collection following intravenous injection 
compared to normals and patients with diseases not affecting the 


Part B included Yes X Ho__ 












anh 


OS 





a ne. 


odes 









“wed 

#} Ob 

buy Sinead 
ay 't 


—e Ke 


~ 









Sear 
si 
ah th tad 
: Veins 



















Vial ve 

4 

is VA Bb 
aac ial 





Dleaceoka® 


gidzsqaing 








ne 
rah oe dh ih une 


nun tae 
ave F 
he Pa Ee 


es 
BDL ‘ A 


noryrti ge 


pans 









a: Oo 
ba wt Bh hed ay 


De} 
D tak 





ans Vi 















Vitwae d me arid 

















iy be 
a US St sania 


Pere 
te ea iam " 


Ase 
















iste. pat dae? 


ie Eh ke tes 
laa! fh The an! 


EF Ay he bpyeis 





tant To | 
oN tae Ata TL + 








t Pe > 
_ P ni mero ts 








Gone ” pikes 
Pat ins xi ek fae = 
at 








ee 
sean” 


HANS 








=e Serial No, NCi-6-723¢c) 


Project if 


gestrointestimal tract, This suggesta that the geatrointestinal tract 
..de the sita of protein loss in patients with idiepathic hypercatabolic 
hypoproteizenia, 


Approximately 25 percent of the patients with thie syndrome reported 
in the Literature have had idiopathic chylows effusions, At laparatony 
er Crosby capsule biepsy 5 ef 6 patierts studied have shown markedly 
dilated lymphatic channels in the jejumal submucosa, 


Relationship to Cancer Research: toss of protein into the gastrointestinal 
tract may be factor in the hypoalbuminemia associated with gastrointestinal 
cancer. 


‘Proposed Course: Fo continve the studies directed toward understanding the 
pathogenesis of hypoalbumineala both idfopathic and that associated with 
neoplastie diseases. 
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PHS - STH 
individwal Project Repert 


Calendar Year 1959 
Project IL 


Part B: Henors, Awards, and Publications 
Publications other than abstracts: 
1. Gerdon, R.S. Jr., Bartter, 7.€,., Waldmann, T.A. 
Ediepathic Hypealbuminemia: Clinical Staff Conference 


of the Netiomal Imatitutes of Health, Anmals of Int. 
Bed, Sis 553-576, 1959, 
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Serial Ho, HCI-6-725-(c) 
1, General Hedicine Branch 
2. Bstabolism Service 
3, Bethesda 
PRS-VEH 
Individual Project Raport 
Calendar Year 1959 


Pare A: 


Project Title: Vitamin 8,, metabolism in normal subjects ané 
patients ith neeplastie and other diseases, 


Principal Tavestizgator: DBonald ti, Watkin, 4B, 
Gther Investigators: I, Bernard Veinstein, 1D, 
Cooperating Units: Hone 


Man Years (calendar year 1959) Patient Bays (ealendar year 1959) 


Fotal: 2/3) 
Peofessional: 1 1/3 
OCher: it! 


Project Beseription: 


Objectives: Quantitetive observations on the metabolism of vitamin 

B,, im wan including (ts absorption from the gastrointestinal tract, 
4t2 dietedbution in the organs of the bedy, its level in plasma, its 
binding to plasma proteins and its ezeretion by the kidney in norms! 
ewbjects and those with neoplastic disease. 


Methods Employed: WMicrotiological assay (L. leichmannii) for vitasin 
Bis in plasma, urine and visswe, Measurement of Co-S-Labelled vitamin © 
Bj); im bleod, plasma, piasve protein fractions, urine, feces and 
tissues ia vitro, and in organs in situ by in vivo scanning. Paper 

and bleck alectrcphoresis ant column chromatography of plasma proteins. 
Dialysis and ultrafiltration 2f plasms proteins, Renal clearance 
techniques, Perchlorate precivitation procedure, Studies of Big 
antagonists and analogs im bacterial, tissue culture, plasma aad 
meemalian systems. 


Patient Material; Fourteen admiasions on 11 patients, Of these & 

had chronic syelocytic leukemia, 2 had Addisonian pernicious enemic, 
and 1 each had myeloid metaplasia, acute syelocytice leukemia, carcinoma 
ef the pancreas, and earcinoma of the lung, 


Major Findings: The B_.-binding protein of the plasma of normal subjects 
and of subjects with bfronic myelocytic leukemia has been found in the 
seromucoid fraction of plaema and displays the characteristics of a 
glycoprotein, Further perificatioa of this seromucoid fractioa has been 


Part B included Yes Z Ne 
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achieved by enigsueexchange cellulese colwm chromatography. The 
sercmmcoid fracticn of normal plasma appears to heve three components 

to which B,, 4s bowed. Im the seromscoid fraction of plasma from 
patients with chromic myelocytic lewkemia, there is a merkead increase in 
a By -binding component whose alution cheracteristics are the same 2@ 
One tee the companente im normal plaee@a, Attempts te establish that 

the B,,-binding component of plasma can substitute for intrinsic factor 
in the"gaatroiatestingal absorption of B have been inconclusive in 

two petienta with Addisonian pernicicus fnemia, 


A series of studies with the methylamide and emalide analogs of a 
‘monocarboxylic form of cyanocobalemin (obtained from Dr, B, Lester Smith 
ef the Slane Laboratgries) were carried out in vitro with L, leichmannii 
and in vive using Co”’-labelled vitemin 8,5 which indicated that these 
compounde ; could compete effectively with cyanccsobslamin for binding 
sites on plagma and in gastrointestinel abserption on intrineic factor, 
However, clinical studies in 2 patients with chronic myelocytic 
leukemia acd high plasma 3. concentrations controlled by paralled 
atudics im 2 patients with Edenocaceinona and normal plasma vitamia 
Big concentrations failad to reveal any therapeutic effect on chronic 
syelocytie Levkenia, 


Significance to €ancer Research: "he results of these studies suggest 
that the abrormsliy high plisma B,.. concentrations in myeloproliferative 
diserders ere caused by the pres sie of am increased quantity ef a 
normally occurring component of the seromucoid fraction of plasma. 

fhase regults therefore are clear indications for additional work on the 
kinetics of this component end on the precise role of the increased 
quantity of Byo im plaema in the myeleproliferative process, Studies wit! 
the Byo antagonists indicate that these compounds have certain propertias 
as By analogs bat that these are mot clinically important. They do 
howe @r provide encouragement for further efforts on the part of the 
vitemin chemists to preduce similar analegs in the hope that some may 
prove climically effective, 


Proposed course: Studies now im progress cesignad to estimate the 53 
plasma clearance and the urinary, fecal and biliary exeretioa of Co” - 
labelled vitamin B,, administered intravenously bound to the patients 
own plasma proteia $4111 Be carried owt im patiente with chronic 
eyelocytic leukemia befere ond after coat epy end im esther patients with 
and withowt neoplastic disease, 


Gencentratien of the active componeat of the sercmucoid £ 
plassa from patients with chronie wyelecytic leukemia and ite 
subfvactionetion and purification will be attempted, Additions ah 
will alse be performed to demonstrate conclusively whether or 
fraction will substitete fer intrimeis factor im the patient Pe 
Addisonias pernicions snenia, 






Receatly an ethylemide derivative of the monocarboxylie form of 
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cyansccbalemin has been obteimed from Dr, E, Lester Ssith of the Glaxo 
Laboratories. This derivative should be inVestigated in the sams mamner 
weed in examining the aethylamide and the analide derivatives. Studies 
dasigned to explaim the peradox of the fact that these compounds 
compete effectively for binding sites om plasma amd inmtrimsic factor 
end yet appear to be bielogically imactive in msemmalian systems will be 


esrried out, 
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Part B. Honers, Awards, and Publications 





Publieations other than abstraets from this projeet: 





1) Weinstein, I.B., Weiasman, S.M,, and Watkin, D.M, The 
plasma vitemin B,> binding substance: 1. Its detection 
Ss in the seromucoid fraction of plasma from normal awbjects 
q and patients with chronie myelocytie leukemia, J, Clin, invest, 
38: 1904-1914, 1959, 


7 The following manuscripts from this project heve been submitted 
i fer approval: 
Weinstein, I,B., and Watkin, D.M, co?®s absorption, plasma 
transport, organ distribution and exeretion in patients with 
mysloproliferative disorders, solid tumors and nonneoplastic 
disease, (To be submitted for publication te 3, Clin, Invest.) 


Weinstein, 1, B,., Weisaman, S.M,, and Watkin, D.M, The 

plasma vitamin B,. binding substance: II. Further purification 
from normal and ¢Ghronic myelceytice leukesia plasma by 
fractionation of sercmucoid on anion-exchange ceilulesa columns, 
(To be submitted for publication to J, Clin, Invest.) 
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Project Titie: Renal clearenee etudies tm patients with 
mecplestis disease, . 


Principal Investigator: Honald Ki, Watkin, 2B, 





Sther investigators: i, Bernard Weinstein, MB 
Cosperating Uaits: Hone 


Men Years (calender year 1959) Patient days (ealendar yanr 1959) — 
Yetel: 1/24 \ 
Professional: 1/48 
G@ther:  L/48 


Preject Beacriptica: ; . 


Gbjectives: To astimate the glomerular filtration rate, effective 

renal plaeme flow and tubular mass and to Javestigets the meckan- 8 
isas by which the kidseya tandle metabolltee such as uric acid amd 
caleium ia patieata with neoplastic disease, To ascertain tha 
kidneys' rele in such disorders as nypermricemia and hypercalcenia 
wnen these accsupany nacoplastic disease, 


Kethkoda Beployed: Renal clearance tachnique, Ensywstic assay for 
wric acid, Ultrafiltration procedure for estimating filterable calcix 





b 
Patient Meterial: Two renal feuction studies were perZormed, cae in 
each of two patienta with SRL Pe 


Rejor Findings: Urate reabsorption is a lineer function of the 
filtered erate lead, Im individuals at the extremes of filtered 
load, xeabsorption deviates from the limesar fwuaction, Correction 
: ef bypercalcania results im a @arked increase in GFR, RPF and 
C Tries, Bypeuricamia due te a diminished reabsorption of urate may 
be a charactéristic of patients with eminesaciduria and sryogiebul lumei: 
@se patient with cryeglobulimesia reabsorbed only 60% of filtered 
urate load, However, the other patient reabsorbed the normal 90% of 
filtered load, 


Significaacs to Cancer Research: Plasma uric acid level is determined 
im part by rezal tubular vreabserption of wrate, in part by uric acid 
synthesis, ané in part by the release of wric acid and ita precursors 
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frees tisause uodergoing destruction, The renal contribetion to 

the maimtenence of plasma level must be known before hyperuricenia 
gay be ascribed to increased synthasisa or to tumor destruction, 
Hypercalcemia is a daagerows complication of necplastie disease, 

As ia the case of byparuricemia, investigations of the renal mech- 
aniems for clearing calcium in hypercalcemia are basic to arn under- 


standing of the syndrome. 


Proposed Course: 


1) Additional clearance studies in patients with hyper- 

ericeaia, especially these with plasaa levels sufficiently high 

te result in filtered urate loads soot IE 

2) €oliect clinical laboratory data i uch procedures 

as concentration tests, blood urea nitrogen levele, creatinine 

BOSCH micreacopie examination of urine sediment, exemination of 

urine for protelauria, PSP excretions, creatinine clearances and 

Smeravenous pyelograms for cempsrison with disereet renal function 

studies so that the reliability of clinical indices of renal function 
dp neoplastic disease may be evaluated, \e 


3) Correlate date chtained by clearance studies with histology of 
the kidney s¢ agen in renal bicpsies and autopsy\ material, 


4) Bevelep a velishle technique fer determining \filterable caleiwa 
im plaama and test ite reliability and ra 


5) Glearance studies im patients with hyper calesais to determine 
the factors influencing tubular reabsorption of calcium and igs relation 
to tubular handling of urate end phospkorys, 


6) ‘Further studies of proteia fraction clearances in Pees patients 
with protelneria, 


7) Study additional patients with sxineaciduria, 
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Project Title: Gross Body Composition 

_ Principal Investigator: N. I, Berlin, M.D. 
Other Investigators: D, BH Watkin, HOD, 
Coouereting Units; None 


Man Years (calendar year 1959) Patient Daye (calendar year 1959) 
Totals 4 

‘Professional: 4 

Other: 0 


Projest Description: 


Objectives: This project is designed te study the changes in 

gross body compositien during the ecurse of neoplastie diseases, and 
toe correlate these changes with the elinieal course of the patient. 
and other laboratory data, and to study the enemla of eancer in the 
seme group of patients, 


the body density and tetal bedy water, Body density will be datere 
mined from body mass and bedy volume, as measured by the Siri bedy 
volume apparatus; body water will be determined with tritiated 
water, Hematolegical status will be determined by measurement of 
total red e611 volume with Cr51, iron turnover with Fe°?, and red 
eell life apan with ci4, f 


q Metheds Employed: Gross bedy eoempasitien will be determined from 
| 
j 





Patient Meterial: 6 patiente with various neoplasma; 4 subjects 
(with Drs, Whedon end Buskirk, NIAMD); 6 patients (4 with neoplamms, 
not studied on a metabolic balance regime) 


Major Findings: 
1, Gross Body Compositicn: 


Modification of the methed of analysis of helium and electronic 
measurement and recording of the temperature in the chamber have 
been satisfactorily completed, In general, replicate runs on a 
patient de net differ more than 100 cc, 


Analysis of the changes in body composition in 3 obase subjects 
has been completed, Excellent agreement between the calculated 
fat less ag meagured in this project and from metabolic balance data 
was obtained, The combination of these 2 procedures furnishes an 
adequate end satisfactory approach to the study of both short and long 
term changes in gross body cemposition, 
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Yi is estimated that the standard deviation in the difference between 
estimates of total body fat, from densitometry and body water 
measurements is epproximately 0.5 kg. 


=; Analyses of the other patients studied awaits the completion of 
metabolic balance data, 


2, Anemia of cancer: 
Two patients with myeloid metaplasia have been treated with 


a large deses of testesterone, One patient died of massive bleeding 


before a therapeutic effect could be achieved, The second patient 
shows objective evidence of a hematological response; as measured by 
body density and water this patient showed an increase in bedy fat while 
_ wnder therapy; the metabolic balance data are not yet available, 


Significance to Cancer Research: This project is part of the studies 
carried out on the area of the tumor-host relationship, During the 
course cf a neoplastic disease, large changes in body weight occur, parti- 
cularly weight loss, These must represent some changes brought about in the. 
metabolism of the host, As a preliminary and a necessary adjunct to the 
study ef these changee in the hest's metabolism, it is necessary to know the 
changes Preset ine in gross body composition, 


Anemia occurs in cancer to a variable degree depending upon the 
eriterion of anemia selected, Presently available methods permit the 
quantitetion of erythropoiesis, Correlation of the level of erythropoiesis 


.. with changes in bedy composition will afferd an opportunity to compare the 


metabolism of a single system with that of the whole body. 


Proposed Course: The initial phase of installation and modification of the 
equipment has been completed, The data fram the 3 obese subjects indicate 
that the goals originally set can be met. At present, recruitment and long 
term follew-up of selected patients is waderway. 
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Honors, Awards , end Publications 
Publications other than abstracts: 
1, Rathan, D.G,, Davidson, J.D., Waggoner, J.G., 
and Berlin, N.I, The Counting of Barium Carbonate in 


a Liquid Scintillation Spectrometer, J, Lab, and Clin, 
Hed, 52: No, 6, 915-917, 1958. 


2, Nathan, D, G., Berlin, N.1, Studies of the Prodyction and 


Life Span of Erythrocytes in piehezd Metaplasia, 
Blood, 14:No, 6, 668-682, 1959, 


3, Nathan, D.C, end Berlin, N.I, Studies of the Rate of 


Production and Life Span of Erythrocytes in Acute 
Leukemia, Blood 14: No, 8 935-949, 1959, 
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Preject Pitle: Studies of Bitrogen Ketabeliss using uw, 
Principal Investigator: Bonald P, Tschudy 
Other Eavastigetore: Emmanuel Hellman 


€sepersting Units: Leberatory of Physiology 


Man Years (calendar year 1959 Patient Days (calendar year 1959) 
Total: 2 1/4 
Professional: 1 1/4 
Gther: R 


Projest Description: 


Oo jectives: 
A, ‘hreugh che use of mathematical asdels of altregen 
estebolism to study the effects cf sueh variables as 
diat, hormones, twuor growth end radiation on the kinetics 
of body aitrogen, 





As eeatercic of we? labelled amino acids 

B&B Usolatien of urea and ammonia from urine 

€ Preparation of materials for aasa spectrometry 
B Metabolic balance studies 


Patient Meteriel: A patient with lymphogarcema has bean studied 
through most of the course of her disease, Patiests with malignancies 
and metabolie ebnormalitiee will be studied, : 


Major Findlega: The growth ef a local tumor mass (lymphesarcame) in 

the leg eeusad a slight increase in body nitrogenous eetabolic ecoll 
sige with so change im rate constant for metaboelise pool tursever. 

There was a eliight increase im dally bedy nitrogen incorporaticn, 
Ivrediation of the leg mass (1000 r - 1 dose) cawsed marked enlargement 
ef bedy nitrogenous metabolic peel with great decrease im rate coastant 
for metabelic pesl turnover. Body altregen incorporation remainsé 
essentially unchanged, 


Pact B included Yes x Bo 
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_ Significance te Cancer Research: These methods permit the 
quantitative study of the tumer bearing host with regard to 
nitrogen metaboliss and the effects of many variables auch 
as diet, therapy, etc. thereon. 





Proposed Course of the Project: 
A. To study the effects of radiation, steroids and tumor 


growth more extensively. 
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Pert B: Honors, Avards, and Publicaticas 
¢ Publications other then abatracte from this project: 


1. Studies of the Effect of Dietary Protein and Caloric Levels 


on the Kinetics of Hitrozen Metaboliam Using N~ LeAspartie Aeid, 


Bonald P, Techudy, Habeod Bacchus, Slwrman Welesman, 
Bonald M, Watkin, Marjoria Eubanks and Julius Waite, ~ 
J, Clim, Investigation 38, 392-901, (1959) 
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Protein Abnormalities. 
Principai Investigators: John L, Fahey, M.D, 
Other Investigators: None 


Ceoperating Units: In specific aspects of the work, 
Pathologic Anatomy Branch, NCI 
(Dre, T. Duteher and BR, Mecfardle), 
Laboratory of Biclogy, NCI 
(De, J, Dalton) 
: Institute for Allergy and Infectious Diseases 


(Der, J, Ure 
‘Men Years (calendar year 1959) Patient Days (calendar year 1959) 
Total: 1 2/2 : 
Professional: 1 
Other: 1/2 


Project Description: 


Objectives: The clinical and biochemical characteristics of malignant 
reticular and related. diséases aze to bea defined and explored wi 
particular attention £0. ‘macroglobulinenta, eryeglobulinemia er ethe: 


significant serum protein abnormalities, It is heped thue to ge 
insight into the mechanisms responsible for the major disabling 


these illnesses, to Rese) diagnosis dnd prognesis, and to improve 
 trestrent, 





Methods munloved: Chemical and physicochemical geshnies, including 
electropheresia, ulteacentri fugation and chromatography are employed 
quantitative and qualitative agsegament of seria prot tein changes, 
Quantitative ieemmologie techniques are eaployed for assessment cf se 
antibody levels and of response to antigenic stimulaticn, discoleeic 4 
evaluation is conducted by histochemical immumohistelogic, electron 
microscopic and standard procedures, Rigorous clinical evalwatica 
according to a specific protocol based on previcus experience, 


Part B included Yes_X_ WNo___ 
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Majer Findings: Gemma macroglobulinesia aay occar in patients with a 

variety ef clinical and laboratery manifestations, Morphologie studies 
(Buceher and Fahey) demonstrated the presence of chkaracteristie lymphsoctoid 
plasma-celils with intranuclear inclusions in patients with malignant disease 
‘and gacroglouulimemia, The intranuclear (and intracytoplasmic) inclusions 
were shown to be remarkably similar to the cirewlating gamms macroglobulin 
suggesting a comeon identity and indeed that the lymphocytoid plasma-ceils are 
the site of gacroglebwlin foreatica, 


Bleed viseosity may be markedly elevated by large amoumts of serma 
macroglobulins, Birect demoustration that macroglobulin induced elevated 
bisad viscesity was the immediate cause of cardiac failwre in one patient 
with Limited but otherwise adequate cardiac reserve permitted establiehzent 
ef a therapeutie regizan designed to keep the serwa macroglobulins below the 
erlziegal iavei, 


Sienifieance to Cancer Research: The finding of a characteristic cell in 
macroglobulineaic lymphoma should improve the recognition of this disease, 

te will ba of particular imtarsst to know if related normal cells are 
vegponsible for gemma macroglobulin synthesis, for the gamma eacroglobulins 
normally centain a special greup of emtibedies ag noted in the BCI-6-792{c), 
fhe cells ef formation fer these antibedies are igportant to temumlogistsa and 
ercologists concerned with tissue transplantation and ismumity, 


Recognition of the symptoms of excessive blood viecosity will allow 
prespt therapy te avert what may otherwise be a progreasively deteriorating 
clinical course, 





Proposed Cowrse of the Preject: Therapeutic observations in macroglobul ined » 
G@isesces will continue with similar ebservatierns im eryoglebulimemic diseases, — 
fhe effects of malignant end noa-malignant diseases with éysgammaglobulinemia 
on normal gamme globulin components and immune mechanisms will be explored, An 
effort will be made to define the criteria by which non malignant diseases with 
asseciated cryoglobulins or increased gamma sacroglobulins may be distinguished 
from galignant diseases with aimilar changes, - 
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Project Title: A Study of the Factors Controlling Red Blood Cell 
Synthesis and Destruction, 


Principal Investigator: Thomas A, Waldmann, M.D, 


Other Investigators: Nathaniel I, Berlin, M.D, Sherman M, Weissman, M.D. 
and Edgar Levin, M.D. 


Cooperating Units: None 


Man Years (calendar year 1959) Patient Days (calendar year 1959) 
Total: Ll 
Professional: 1 
Other: 0 


_ Project Description: 


Objectives: To study the factors controlling red bloed cell synthesis 
and destruction in normal and in pathological states, 


Methods Employed: Quantitation of erythropoiesis by the use of cr 
labeled red cells to determine the total circulating red cell velume, 

labeled siderophilin to determine the rate of red cell preduction 
and Cl4 labeled glycine to determine the red cell life span, Assay of 
erythropoiesis stimulating activity in the fasted rat by the red cell 
radio-iron uptake and reticulocytosis, 


Patient Material: A patient with a cystic cerebellar hemangioblestama 
and polycythenia, 


Major Findings: The studies of splenectomy and methylcel 
in the dog, in part previcusly reported, have been compl 
splenectomy in the dog, there was a 31 percent decline aS | 
circulating red cell volume persisting for at least the 

of the study, No change was noted in the red cell eke @ 

was a 36 percent decrease in red cell synthesis as es 

red cell turnover, The reticulocyte percentage increase 
a result of an increased intravescular reticulocyte matu 
following splenectomy, No significant hematological chan 
sham operated controls, 





Part B included Yes x No 
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We have utilized me chy Tce. SuLose infusions in the dog in an a 
to produce an experimental model of hypersple 


cempt 


RE LE 

splenism, Aithough moderate 
splenomegaly and anemia with a shortened red cell survival was achieved 
the animals developed marked renal damage and uremia, Following 
administration of 125 grains of dessicated thyroid dally to dogs there 
was a 25 percent increase in the total red cell volume, There was a 
comparable increase in the rate of red cell synthesis but no change in the 
red cell life span, 





Arterial shunt studies directed toward determining the site of 
erythropoietine production have been continued but no new conclusions are 
available at this time, 


A non-dialyzable factor with marked erythropoiesis stimulating 
activity was isolated from a cystic cerebellar hemangioblastoma in a 
patient with the association of this twnor and polycythemia, This is 
the first demonstration of erythropoietine like activity in any material 

other than urine or plasms, It supports the concept that the 
polycythemia associated with some cerebellar hemangioblastomas is caused 
by the preduction of a red cell stimulating factor by the tumor, 


Significance to Cancer Research: Anemia is a major complication of the 
neoplastic diseases, The pathogeneses of the anemia is only partically 
understood, A knowledge of the factors involved in erythropoiesis both 
in normal and decreased states is required, 


The studies performed on the patient with cerebellar hemangioblas toma 
and polycythemia have aided our understanding of the pathogenesis of this 
association, 


Proposed course of Study: To continue the study of the factors controlling 
erythropoiesis in the experimental animal and man, To conduct studies 
directed toward determining the chemical nature and mode of action cf the 
cerebellar erythropoiesis stimulating factor, 
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Honors, Awards, and Publications 

Publicstions other than ebstracts: 

1, Berlin, N.1., Waldmann, T.A., Weissman, S,M, 
Life Span of Red Blood Cell, Physiol, Rev, 39: 
577-616, 1959, 

2, Weissman, 5. M,, Waldmann, T.A., Berlin, N.I. 


Quantitative Measurement of Erythropeiesis in the 
Bog. Am, J, Physiol, in press, 


"3, Waldeenn, T.A,, Weissman, S.M,, Berlin, N.I, 


The Effect cf Splenectomy on Erythropotesis in 
the Bog, Blood, in press, 
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PART A. 


Project Titles Exfoliative Cytology Applied to Himcen Diagnostic 
E Problems end Research Problems 


Principal Investigater: Dr. Richard A. Malmgren 
Other Investigaters: Dr. Elizabeth W. Chu 
Cooperating Units: None 


Msn Years (Calendar year 1959): 


Totals 8 
Professional: 4 
Others 4 


| EORESRS Description: 


“The primary responsibility of the Cytodiagmestic Service is to provide 

_ the staff of the Clinical Center with an acevrate and complete exfoliative 
_eytology service. In addition, the Cytediagnestie Service collaborates in 

varievs clinical research projects evaluating cancer therapy, the hormonal 

status ef the cancer patient, the ceurse and natural histery of the cancer 

lesion, and the anatomical and physiolegical changes in the human body 

associated with various pathologic cerditiens, Tke eccomalishment of these 
objectives necessitates the centinual improvement in tachniques and the 
origination of new cytologic methods in the laboratexy. 


Methods Employeds 


The standard Papanicolaou staining procedure is applied te prep 
of various human specimens, These specimens are then screened and ave 
for morphologic changes in the cellular elements, Speeial procedures 
involving the use of fluorescent microscopy, willipere filtration, and vavious 
special staining techniques are required in many imstances. 
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The figures compiled beiow are for the last tweive months (12). 
Type of material examined  Aceessions - # Slides 
Wound washings 126 685 


nehbiel washings and sputa 116 324 
inal and cervical 1,079 2,961 


Llaneous Fluids 531 1,388 
& tric, prostatic, breast, pleural, ete.) 
rovement techniques 186 439 
1,509 5,961 
3,547 : 11,758 
Accessions # Slides 
2,450 9,076 
140 &14 
182 658 
188 &47 
122 369 
3 8 
1d 50 
451 761 


1. The major contribution of the Cytodiagnostic Service to the 

_ diagnostic facilities of the clinical staff hag been the early diagnosis 
of neoplasms of the cervix and lumg and of other sites not previously 

_ dlagnosed - In several instances, exfoliative cytology provided the only 
meassue confirmation of neoplastic disease before death of the patient. 


2. fhe quantitative evaluation of wound washings, submitted by the 
Surgery Branch, NCI has been continued with the hte ene o£ neoplastic 
celle ia eae o: the grate 


35. in collaboration with the Surgery. Branch, NCI Ska the U. S.. Public 
“Health Service Hospital, Baltimore, approximately 1500 blood specimens wiil 
have been collected this year from cancer patients for examination for 
cancer cells, Cytologic examination of this msterial by the streptelysin © 
millipore technique indicates that cancer celis are more often found in 
cases of non-resectable cancer than in resectable cases. The cells are 
more frequently found in lecal blood from the tumor site than from peripheral 
blood, In a number of patients in which cancer cells have been found in the 
local blood there has been no recurrence of the disease to date following 
surgical treatment. 


4. The use of the sex chromatin determination on patients with various 


endecrine disorders has contributed to the uitimate clinical management of 
these patients, — 
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a Major Findings (Continued): 


'5. The application of the millipore filtration technique te various 
extra vaginal cytology specimens has increased the efficiency and decreased 
the time required to process the specimen. it has also permitted a 
diagnosis to be made which would have been less likely by the older 
processing methods. 


‘ 6. The fluorescent antibcedy technique for the demonstration ef antle 
nuclear substances in the serum has been applied te the diagnostic study 
of systemic Lupus erythematosis and related diseases. The development 

of this procedure was done in collaboration with Dr. Howard Gocéman of 

the National Heart Institute and the methcd is now employed in the routine 
study of patients with Lupus, rheumatoid arthritis, Sjogren's disease and 
other collagen diseases. 


7. Exemination of approximately 70 urine specimens using the millipore 
filter technique in collaboration with Dr. George Gven of NIAID has revealed 
the presence of intracytoplasmie bodies in macrophage like cells. These 
bodies were observed in the celis of virtually all the specimens examined 
regardless of the age, sex or medical status of the patient. This cbsere 
yation is in disagreement with the report of others who found intracyte- 
plasmic bodies of the same sort in association with viral diseases, 
particularly measies.. 
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Significance of the Program: 


1. The diagnostic value of exfoliative cytology in the clinical 
evaluation of cencer and its early detection is readily apparent from 
the activities of the Cytediagnostice Service in the Clinical Ceater and 
throughout the country. 


2. The wound washing progrem contributes to a better understanding 
of the factors involved in tumor growth, progression and metastases and 
the reaction of the individual to his necphasm, Ia addition, the 
application of this information to cancer chemotherapy may be of value. 


3. The fluorescent antibody technique applied to serum of patients 
with arthritis, systemic Lupus erythemetosis and collagen diseases provides 
one of the most sensitive tests available for the demonstration of antie 
nuclear bodies in the serum. Its use contributes to the complete 
evaluation of patients with these diseases and may be of help in gaining 
a better understanding of the etiology of these diseases. 


4, By the use of sex chromatin counts and techniques for hormonal 
evaluation the endocrinologist is provided with a valuable tocol for 
guidance in diagnosis and therapy. 


53. The study of tumor celis in the blood presents the potential 
of gaining a better understanding of the factors involved in metastasis. 
It may be of value in studying certain types of therapy of the neoplastic 
diseases and diagnosis. 
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3 Significance of the Program (Continued): 


6. The development of new cytologic techniques and the acquisition 
of specimens from different sites in various diseases continues to 
enhance the value of the exfoliative cytology precedure as a diagnostic 
aid. The value of the millipore filter technique is readily apparent and 
it is anticipated thet this procedure will replace the smear preparaticns 
_ in many cytologic Laboratories. 


7. Exeretion of active virus in the urine is a well documented 


phenomenon in some human viral diseases. Whether the virus is intracellular 


2 er extracellular at this time is not clear however. The development of 
methods for the demonstration of virus in the urine is therefore of 
potential value in the anmsmenterium of virus study and in the expansion 
o£ ovr knowledge of viral diseases. 


Proposed Course of the Project: 


1. The continuation of a complete and adequate cytologic service 
_ for the staff of the Clinical Center is our primary purpose. Continued 
collaboration with the Clinical Center staff in various research projects 
and the development of new and improved techniques within the laboratory 
are an important part of the future program. 


2. A continuation of the wound washing and blood study by 
- quantitative techniques will be continued in collaboration with the 
Surgery Branch. 


Part B included Yes (x) No ¢ ) 
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Part 8. 
Publications other than abstracts from this project: 
Del Vecchio, Pasco R., DeWitt, S. H., Borelli, J. 2., Ward, J. Bo, 
Wood, fT. A., dx., and Malmgren, R. A. Application of Millipore 
Filtration Technique to Cytologic Material. J.N.C.E. 22: 427-431, 1959. 
DeWitt, Sara R., Rabson, Alan S., Legallais, Frances Y., Del Vecchio, 
Pasco R. and Malmgren, Richard A. Chromocenters Resembling Sex 
Chromatin in Human Tissue Culture Lines. J.N.C.L. 23: 1089-95, 1959. 


Malmgren, Richard A. and Potter, John F., Cancer Cells in the Circulating 
Blocd, Southern Medical Journal. 52: 1359-62, 1959. 


Honor Awards and Memberships: 


1. American Medical Association Award of Merit for Exhibit, "Tumor 
Cells in the Blood” by Drs. Potter, Kaiser, Malmgren, Hilberg end Pruitt. 


2. Incentive award to Mr. Pasco R. Del Vecchio and Mr. Philip R. 


Joram of the Scientific Reports Branch, Division of Research Services for 
development of Millipore Filter Holder, October, 1959. 
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PRS-NIH 1, Pathologic Anatemy Branch 
Individual Project Report 2. Surgical Pathology and 
Calendar Year 1959 Postmortem Service 





3. Bethesda 14, Maryland 
Part A. 


Project Titles The Department of Pathologic Anatomy (Pathologic Anatomy 
| Branch, NCI) has no specific research projects. Its 
diagnostic sarvices are designed to serve the investige- 

tive efforts of the N.IL.H. staf£ responsible for patient 
care. In many instances, investigative etudy of 
pathological material is of great importance to clinical 
research. 


Staffs: 
Dr. Harold L. Stewart, Chief, Pathologic Anatomy Branch 
Dr. Leuls B. Thomas, Head, Surgical Pathology and Pestmortem Service 
Dr. Richard A. Malmgren, Head, Cytodiagnosis Service 
Dr. John H. Edgeomb, Pathologic Anatomy Branch 
Dr. Alan S. Rabson, Pathologic Anatomy Branch 
Dr. Edward Price, Laboratory of Patholegy, NCI 
Dr. Elizabeth W. Chu, Pathologic Anatomy Branch 
Thomas F. Dutcher, Resident, Pathologic Anatomy Branch 
Dr. Ro Gerald Suskind, Resident, Pathologic Anatomy Branch 
Dr. Martin Hicklin, Resident, Pathelegic Anatomy Branch 
Dr. Jack T. Lasersohn, Resident, Pathologic Anatomy Branch 
Dr. William €. Roberts, Resident, Pathologic Anatomy Branch 
Dr. Seymour M. Sabesin, Resident, Pathologic Anatomy Branch 
Dr. Leon Sokoleff, Laboratory of Pathelegy and Histochemistry, NIAMD 
Dr. Harold R. Stanley, Oral Pathologist, Clinical Investigations, NIDR 
Dr. Igor Klatzo, Head, Clinical Neuropathology Section, NINDB 
Dr. Herschel Sidransky, Laboratory of Pathology, NCI 


©eootte tt t+ + Sb Ye Se HH HS 
| 
° 


* - These Pathologists constitute the staff of the Department of 
Pathologie Anatomy, Clinical Center (Pathologic Anatomy Branch, 
NCI) and spend a major portion of their time in the service 
and diagnostic work of the Department. 

+ - These physicians are full time Residents in the Department of 
Pathologic Anatomy. 

- These associate pathologists spend part time in the activities 
of the Department of Pathologic Anatomy. In addition, several 
pathologists on the staff of the Laboratory of Pathelogy, NCI; 
i.e. Drs. Swarm, Dawe, Banfield, O'Gara, Stanton and Love, are 
available for consultation with the Ste of the Department 
ef Pathologic Anatomy. 
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Project Description: 


No specific research projects. The service functions of the 
Department during the twelve month pericd, November 1958 through 
October 1959 included: 





a) 265 autopsy examinations. On page 4 there is a table which 
shows the number of autepsies performed for each [nstitute. The residents 
perform nearly all of the postmortem dissections under supervision of the 
staff. A gross review is held by the staff and residents each morning 
P at 8:30. The residents review the microscopic slides of each autopsy 
| with one of the staff before completing the autopsy pretecol. 


. he staff assists the residents in preparing for the numerous 
| elinteal conferences in which the Department participates. 


_b) 2601 specimens were accessioned in the Surgical Pathology Section. 
A complete listing of these specimens, by Institute, is given in the 
accompanying table. These specimens are initially examined and described 
by a resident and their reports are checked by the staff. Associate 
pathologists from other laboratories or sectiens are frequently consulted 
about problems in diagnosis in surgical pathology and/or assume responsibility 
for handling certain tissues removed for specific research purposes. 


e) Cytodiagnosis Service: The report for this service is submitted 
separately. 


The objectives of the Department of Pathologie Anatomy in the 
Clinical Center are twofold: first, to furnish a diagnostic service 
and second, te aid from a morphological standpoint the various clinical 
research problems which are under study in the Clinical Center. In the 
first 2 or 3 years after the Department was established, most of the time 
of the staff was taken up by the diagnostic responsibilities. During the 
past year, especially, the staff has been able te spend more time in 
collaborative research on Clinical Center patients with various members 
of the Clinical staff. 


The methods used include those standard methods used in describing, 
fixing and sectioning various human organs and tisaues. A wide variety 
ef special staining proceedures are used. 


Distribution of human organs and tissues: 


At present there are approximately 30 scientists in the varicus 
laboratories at N.I.H. who have requested particular tissues from 
surgical and postmortem services. On mamy occasions it is possible to 
furnish these investigators with fresh human material. A List of these 
investigators is kept by the secretarial staff and telephone calls are 
made to the various investigators whenever surgical or postmortem 
tigsues are available. 
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Conferences: 


fhe staff and residents take an active pari im numerous Clinical 
Center and Institute conferences. In addition, there ase several con- 
ferences regularly held in the Department including a surgical pathology 
conference, brain cutting conference and joint pathologists cenference. 





Part B inciuded Yes (x) No ¢ j) 
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REPORT OF PATHOLOGIC ANATOMY DEPARTMENT 
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Part 8B. 


List of Publications and Collaborative Investigative Projects: 


A. Dr. Louis B. Thomass 


1. Boggs, David R., Frei, Emil IX, and Themas, Leuis B. 
Clestridial Gas Gangrene and Septicemia in Four Patients 
with Leukemia, New England J. of Med, 259: 1255-1259, 
Dec. 25, 1958. 


2. Fox, Frederick, Davidson, John and Thomas, Louis B. Maturation 
of Sympathiceblastoma into Ganglioneurema: Report of Two 
Patients with 20 and 46 Year Survivals Respectively. 

Cancer 12: 108, Jano-Feb. 1959. 


3, Fritz, Richard D., Forkner, Claude E., Jr., Freireich, Emil J., 
Frei, Emil III, and Thomas, Louis B. The Association of Fatal 
intracranial Hemorrhage and "Blastic Crisis” in Patients with 
Acute Leukemia, New England J. of Med. 261: 59, July 9, 1959. 


4, Paton, David and Thomas, Louis B. Simultaneous Occurrence of 
Primary Malignant Melanomas ef the Eye and the Skin, A.M.A. 
Archives of Ophthalmology. 62: 645-652, Octsber 1959. 


5. McFarland, James; Thomas, Louis B., Gilbert, Joseph and Morrow, 
Andrew. Myocardial Necrosis Following Elective Cardiac Arrest 
Induced with Potassium Citrate. To be published in the J. of 
Thoracic Surgery. 


6. Freireich, Emil J., Thomas, Louis B., Frei, Emil LIZ, Fritz, B.D., 
Forkner, C.E. A Distinctive Type of Intracerebral Hemorrhage 
Associated with "Blastic Crisis” in Patients with Leukemia. 
Cancer, Im press, January 1960. 

7. Moore, Edward W., Thomas, Louis B., Shaw, Richard K. and Freireict 
Emil J. Central Nervous System in Acute Leukemia: A postmor 

study of 117 consecutive cases with particular referem:e to 

hemorrhage, leukemic infiltration, and the syndrome of meninges 
leukemia, A.M.A. Arch. of Int. Med. Yn press. 
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8. Clinical Center Steff Conference at National Institutes of Health. 
Moderator: Von Salimann, Ludwig. Discussants:; Kaufman, Herbert 
E., Haase, Gunter; Bartter, Frederick C., and Thomas, Louis B. 
To be published in Annals of Internal Medicine. 





9, Kaufman, Herbert E. and Thomas, Louis B. The Vitreous Opacities 
Diagnostic of Familial Primary Amyloidosis. To be published in 
Annals ef New England J. of Med. Dec. 17, 1959. 
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List of Publications and Collaborative 





10, Hilbish, Theodore F., Besse, Byron E., Jr., Lusted, Lee B., 
Daves, Marvin L., Thomas, Louis B., and Forkner, Claude E., Jr. 
Acute Leukemia; Skeletal Manifestations in Children and Adults. 
A.M.A. Arch. of Internal Medicine 104: 741, Nov. 1959. 


11. Current Projects which will lead to Publications: 


1. Cancer of the Uterus, Dunham, Lucia J., Casper, Julian, 
Dorn, Harold F., Thomas, Louis B., Edgeemb, John H., 
Symeonidis, Alexander and Stewart, Harold L. 


, 2. Study of Clinical Center Patients with Carcinoma of Cervix 
: Treated by Pelvic Exenteration with Dr. Robert Smith, Dr. 
John Dillon and Dr. Jack T. Lasersohn, 


12, Lectures: 


1. Aspiration Biopsy. Lecture - demonstration with Dr. Alan S. 
Rabson as part of short course in surgical pathology, 
International Academy of Pathology, Boston, Mass., April 
20, 1959. 


2, Moderator - Clinicopathologic Conference, Annual Scientific 
Assembly, Medical Society of the District of Columbia, 
November 25, 1959. 
B. Dr. John H. Edgecomb: 


See separately submitted Annual Report. 


C. Dr. Richard A. Malmgren: 
See separate report for Cytodiagnosis Service. 


D. Dr. E.B. Price, Jr.3 


1. Kinsey, D.L., Price, E.B., Jr., and Smith, R.R. Effectiveness 
of Chemotherapy in Relation te Extravasculer Invasion oye! Embo 
Tumor Cells. Accepted for publication in Cancer. 


E. Dr. Thomas F. Dutcher: 


1. Dutcher, T.F. and Fahey, J. Le The Histopathology of the Macro- 
globulinemia of Waldenstrom. J.N.C.2. 22: 887-917, 1959. 


2, Zubrod, Charles G., Hilbish, T.F., Fahey, J.L., Dutcher, Tether, 
Fox, Frederick A., Osserman, Elliott F. Waldenstrdm's Macro- 
glebulinemlas CPC at the Netional Institutes of Health, 

Ann. Int. Med. 50: (4), 1010-1027, April 1959. 
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3. Current Projects which will lead to Publieationss 


1, Edgar, R. and Dutcher, T.F. The Histopathology of the Bing- 
Neel Syndrome. 


2, The Syndrome of ccecult gastrointestinal less of plasma proteins. 


Waldmann, Thomas A., Steinfeld, Jesse L., Dutcher, Themas F., 
Davidson, John D. and Gordon, Robert S., Jr., will be presented 


at the American Gastreenterological Associaticn meetings in 
the Spring of 1960. 


3. The Immmocytochemical Demonstrations of Intranuclear Locailza- 


tion of 18S Gamma Macroglobulin in the Macroglobulinemia of 
Waldenstréa. 


F, De. Martin D. Hicklin: 


1, Marsh, H.H. and Hicklin, Mertin D. Survey of Staphyloceccal 
Types in Hospitals in the District of Columbia, Maryland and 


Virginia. In press. Medical Annais of the District of 
Columbia. 


2, Demonstratien of Bacteriophage Typing ef Staphylococci. 


Annual Meeting of Maryland Society of Pathologists, Baltimere, 
Md, October 24, 1959. 


3. Projectss 


1, Incidence of Multiple Cancers in NIH Autepsies, 1953-1957, 


with Mr. Don Leveland, Statistician, NC. 


2, The Ovarian Response to Human FSH with Dr. Louis B. Themes 


and Dr. Mortimer Lipsett, NCI. 
G. Dr. BR. Gerald Suskind: 


1. CPC on toxoplasmesis with Dr. Jacobs and Dr. Kayoe will 


be pub- 
lished in Annals of Int, Medicine. 


H. Dr. Seymour M. Sabesin: 


1, Current Projects which will lead to Publications: 

1, Electron Microscepy -- Learning techniques of Electron 
microscopy in laboratory of Dr. William Banfield, Wil scon 
begin project under Dr. Banfield on Electron Microscopy ef 
collagen in various diseases, i.e., rheumatoid arthritis. 
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2. ase Repexts to be written: 
1. Congenital heart with multiple defects, situs in versus 
and agenesis of spleen. 
2, Disseminated Cryptececcosis in a patient with Hodgkin's 
Disease. 


Dr. R. Cc. Boylan: 


1. Beport of vascular lesions in two patients with dermatomyositis 
in collaboration with Dr. Leon Sokoleff. 


2. Assisting Dr. Louis B. Thomes in pathological study of hamsters 
infested with schistosomiasis. 


Dr. Elizabeth Chu; 
See separate report from Cytodiegnosis Service. 


Dr. Alan S. Rabsoms 


1. Rabson, Alan S. and Legallais, F.¥. Cytopathogenic Effect Produced 


by Polyoma Virus in Cultures of Milk-Adapted Murine Ly=sphema 
Cells (Strain P388D1). Prec. Soc, Exp. Biol. and Med. 100: 
229-233, 1959. 


2. R. Love and Rabson, A.S. Cytochemical Studies of Milk-Adapted 
Murine Lymphoma Cells (Strain P388D1) Infected with Pelyema 
Virus, J.N.C.i. In press. 


3. Malmgren, R.A., Rabotti, G., and Rabson, A.S. Intracellular 
Localization of Polyoma Virus Antigen Demonstrated with 
Fluorescein Labeled Antisera. 


4. Rabson, A.S. and Kirschstein, R.L. Intracranial Sarcomas Produ 
by Polyoma Virus in Syrian Nemstecs. Archives of Pathology. 
In press, 


5. Rabson, A.S. and Legallais, F.¥. Growth of Human Epidermoid 


Carcinoma in Tissue Culture Using Nonfat Milk Medium. Archives 


of Pathology 68: 342, 1959. 


6. DeWitt, Sara H., Rabson, Alan S., Legallais, Frances Y., 


Del Vecchio, Pusco R., and Malmgren, Richard A. Sex Chromatin fa 


Human Tissue Culture Cell Limes, J.N.C.~. In press. 


jo Current Projects which will lead to Publications: 


1. Moxphological studies of patients with cryoglobulinemia in 
collaboration with Dr. John Fahey and Dr. Paul Schwab. 
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2. Morphological studies of patients with hyperparathyroidism 
in collaboration with Dr. Fred Bartter and Dr: Robert Smith. 


Dr. J.T. Lasersohn: 


1, Projects: 


1, The function of the eosinophil <-- Experimental procedure: 
Eosinophil response in bleed of guinea pigs is being compared 
during active and passive anaphylaxis, In coellaberation 
with Dr. Richard Malmgren. 

Dz. William C. Roberts: 
1. Projects: 
1. Report of case: Mumps myocarditis with Dr. Sam Fex. 
2. Idiopathic medial cystic necrosis - report of case. 
Dr. Katherine M. Herrolds 
See separately submitted Annual Report. 
Dr. Robert Peters: 
Morrow, Andrew; Peters, Robert; Waldhausen, J.A., Bloodweli, R.D. and 


Braunwald, E. Supravalvular aortic atenesis;: Clinical hemodynamic 
and patholegic observations. Circulation. In press. 
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- Seriel No. NET 500 
i. Laboratory of Pacholosy 
2. Office of the Chief 
3. Bethesda, Maryland 
. PHS -HI 
Individual Project Report 
Calendar Year 1959 


Part 4. 


Froject Title: Histegenesis and Pathology of Induced and Spontaneous 
Tumors of Laboratory Animals 


Principal Investigator: Harold L. Stewart 
Other Investigator: Katharine ¢. Snell 


Cooperating Units: i. Br. David Jomason, NIAMD 
2. Dr. John B. Calhoun, WINE 


Man Years (calendar year 1959): 
Total: 6 1/3 
Professional: 2 
Other: 4 1/3 


Project Deseriptioa: 


Objectives: To gain knowledge of the etiologic and pathologic 
factors in the production cf neoplasms in experimental animals and to 
make this information available te other investigators. 


| Metheds: 1. Adrenal cortical carcinome 494, a transplantabie, 
hormonsily-active tumor that originated in the adrenal cortex of an 
Osborne-Mendel vat, has been studied during the course of 12 generations 
of trengplantation in intact, mature hosts. Chemical extraction and paper 
chromatography studies of the tumor tissue are being made by Dr. David 
Johnson. A subline of thia tumor, desigueted 494H, that developed when 
tumor 494 was grown for one generation in hypophysectomized rats and then 
returned to intact mature rats, has been studied for 6 generations. Trans- 
plantation of tumor 494 te nypophysectomiged rats is being repeated to 
determine whether transformation te a tumor similar ta 4948 will occur 
again. In collaboration with Dr. R. C. Mac€ardie a paper dealing with the 
cytologic changes im the kidmeya of rats bearing tumor 494 is being prepared. 





2, A study of the spontaneous neopleams oceurring in the 
Mastomys, a Scuth Afriean redent, is being continued. To date 119 of these 
redents lagve been necropeied, and tissues from about half of them have been 
examined histologically. Several tumors have been transplanted to Mastomys 
pre-treated with various doses of irradiation, sinee transplantation of 
tumors to wmtreated Mastomys has been entirely unsuccessful. 


3. A longeterm etudy of the effect of age upon untreated rats 


of various ages is being continued. Spontaneous tumors oceurring 1a these 
rats ere being euumerated and classified. 
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. Serial No. _ NCY 500 _ 
PHS -NIB erie 
Individual Project Report 
Galendar Year 1959 
Part A (continued) 


| 4, Monkeys thet received injections of carcinogenic substances 

inte the wall of the glenduler stomach approzimately 10 years ago are being 
necropsied and atudied to ascertain whether these substances may have 
produced gestric carcinoms. 


5. Collaborative work with Dr. Harold P. Morriss Approximately 
4000 histologic sections from rats fed either di-acetylaminoflucrene or 
2,7-fiuorenylenebisacetamide have been examined. A manuscript is being 
prepared on the effects of these two compounds upon various organs of the 
treated rats, and separate manuscripts are being written on unusual lesions 
ef the salivary glands, cranial nerves, and glandular stomach. 


6. Collaborative work with Dr. John B. Calhoun; Experiments 
of Dr. Calhew suggest that rats living under a certain amount of stress 
ia a free-ranging coumnity develop more tumors at an earlier age than do 
rats Living under the usual laboratory conditions. We have necropsied a 
number of these rats and are studying the tissues histologically. 


Major Findings: 1. During 12 generations of transplantation 
into intact, mature, male and femele Osberne~Mendel rate Adrenal cortical 
. eaxeinoma 494 has maintained a consistently similar histologic pattern of 
cords cf uniform polygonal cells. Ali tumor-bearing rats have developed 
polyuria, polydipsia, and degenerative changes in the distal convoluted 
tubules of the kidney and have shown atrophy of the adrenal glands, sex 
organs, lymphatic tissue, and pituitary gland. Preliminary analyses of tumor 
tissue by Dr. Johnson indicate that this tumor secretes an excess of steroid 
hormones at least similer to those present in the normal adrenal cortex. 
A subline, tumor 494H, developed after transplantation of tumor 494 into 
hypophysectomiged rats, differed in histologic pattern from tumor 494 in 
that it contained large, bizarre cells in addition to the uniform, polygonal 
cells of tumor 494, When tumor 4944 wag returned to Imtact, adult male 
and femsle rats, it retained its own distinctive histologic pattern, yet 
it also induced polyuria, polydipsia, and renal tubular degeneration. Rats 
of both sexes inoculated with tumor 494H developed hyperplastic mammary 
glends filled with milky secretion. Im the females, the uterine horns were 
enlarged and the vaginal epithelium mucified; in the males, the testes and 
accessory sex organs were extremely atrophied. A few inoculated with 
tumor 4943 have developed mammary carcinoma in addition to hyperplasia of 
the mammary tlesue. This tumor induces development of the secondary sex 
organs in gonadectomized and in hypophysectomized rats but not of the 
testes or ovaries. 


2. Tumors found in Mastomys have included a few carcinomas of 
the glandular stomach eg well as pepillems of the forestomach, limg tumors, 
adenomas of the adrenal cortex, granulosa cell tumors and luteomas of the 
ovary, and lymphomas. The incidence of hepatomas has been unusually high. 
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Part A (continued) 


3. Noe significant findings. 
4%, Wo significant findings. 


5. Bats fed the carcinogen, 2-7 fluorenylenebisacetamide by 
br. E. P. Morris and examined histologically in this laboratory have shown 
an unususl mmber and variety of neoplasms. Among these lesions are: 
histologically malignant carcinomm of the glanduler stomach, adenocarcinoma 
ef the emall intestine, severe atrophy and sarcoma of the salivary glands, 
neurogenic sarcoma originating im the region of the trigeminal nerves and 
pituitary gland, adenocarcinoma of the uterus. Careinomas of the liver, 
ear, sud mammary gland sre also present in 4 high percentage of rats fed 
this compound. 


&@. Histologic study of rats from the experiment of Dr. Calhoun 
has not been completed. Preliminary data indicates that probably the tumor 
incidence in his stressed rsts is little if et ail higher than in rats 
living under normal laboratory conditions. 


Significance: The knowledge gsined from a study of neoplasms 
in laboratory animals should provide ea basie for further work on the 
mechanism of carcinogenesis in Imman beings. 


Proposed Gourse: Study of Adrenal cortical carcinoma 494 and of 
its subline, 494H will be continued, and it is expected that im collaboration 
with Dr. Jcehnson determinations of the hormones produced by these tumors 
will be completed. Collaborative work with Dr. MacCardle on the cytopathelogy 
of mitechondrial batommets in the renal tubules of polyurie rats bearing 
adrenal cortical tumers will be continued, and a manugcript on the subject 
should be ready for publication during 1960. Collaborative werk with Or. 
Morris is expected to be ready for publication during 1960. The experimental 
procedures and examination of histologic material mentioned in other items 
enumerated above will be continued. 
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Publications other then abstracts from this project: 


i, Stewart, H. L., and Snell, K. C. 
fhe histopathclogic of experimental tumors of the liver of the 
ret. Chapter TV in The Physiopathology of Cancer {F. Homburger, 
ed.) Paul B. Hoeber, Inc., New York, 1959. 


2, Stewart, H. L. 
The Cancer Investigator. 
Cancer Res. 19: 804-818, 1959 


3. Snell, K. G., and Stewert, H. L. 
Yaerlstiens im Histologic Pattern and Functional Effects of a 
Transplantebie Advenal Cortical Carcinome in Intact Hypophysec~ 
temiged, and Newborn Rate. 
3. Nat. Cancer Inst. 22: 1119-1155, 1959. 
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Serial No. NCE 502 
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Individual Project Report 2. Office of the Chief 
Calendar Year 1959 3. Bethesda, Md, 


Part A. 
Project Title: Histegenesis and histopathelogy of cutaneous neoplasms. 
Principal Investigator: Dr. John H. Edgecomb 


Other Investigaters; None 


Man Years (calendar year 1959): Patient Days (ealendar year 1959): 
Totals 1 
Professionals 1 
Others - 


Project Description: 


A. Study of diseases in man (collaborative research). 
1, Mycosis fungoides 


Ten patients have expired and have been autopsied, Two 
articles have finally appeared in print (see publications and enclosed 
reprints). A larger pathological article is contemplated to iaclude tha 
clinical and pathological observations made im the ten necropsied cases, 


di, Melancmas 


The study of naevi and melanosus continues, We now have 
autopsied fifty patients with advanced melanoma. Dr. Rothberg and I have 
isolated a small quantity of black material from the urine of a melanuric 
patient. This material will be studied by physical and chemical methods, 


One woman with a melanoma exereted Large amounts cf gonado~ 
trophic hormone in her urime. The significance of this finding is being 
studied, 


Aid, Because of insufficient material the xeroderma pigmentosum 
study has been discontins2d fer the present. 


B. Study of diseases in animals 


i, Four melanomas have been produced in 51 guimea pigs by skin 
painting with dimethylbenzanthracene. This experiment has been completed. 


ii. The hairs of chinchillas are being examined for the pericdicity 
of melanin production in these animals, Chinchillas have an egouti coat, 
and the pattern of melanin production in hair appears to be very regular 
but very complex. - 
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Gio Miscellaneous collaborations and efferts 


Ne ‘With Dr. R. Love, ieee 


_ I am reading slides on C3H mice injected at birth with the SE pelyoma 
us, The animals are over one year old, and this experiment pore ee 
an effort te detect any late effects Ge the infection. 


i. 
2, With Dr. R. Ea NCI. 
Dr. Herty and I have aarecd to prepare a descriptive paper. correlating 
the pathological and elinical observations on those patients with tees 
cortical carcinoma who have been autopsied, 


3. £ am studying necropsies of six adults and one child who died 
with cytomegalic inclusion disease. 


: 4, { have helped Dr. L. Dunham im drafting small parts of her 
_ monograph on the cervical cancer study. 


Part B included Yes (x) No ( ) 
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Tectures in EOE » Howard University 


4 Appointment es member of a mission of government pathologists Eo 
Russia, — 


_ Publications: 


Forkeer, C.E., Jr., Frei, Emil LIZ, Edgcomb, John H., and Utz, Jehn. 
; Pseudomonas septicemia, Amer. J. Med. 25: 877-890, 1958. 


Edgecomb, J.H., Van Scott, E.J., and Andrews, J.R. Histopathologic changes 
in the skin of patients with mycosis fungoides following therapy with 
high energy electrens. Acta dermat.-venereol., Proc. Lith internat. 
Congr. Dermat. 1957, Vol. If, p. 457-462. 


| 

: Van Scott, E.J., Andrews, J.R., and Edgcomb, J.H. Therapy of mycosis 

| fungoides with high energy electrons, Acta dermat.-venereol. Proc. 

| llth Internat. Congr. Dermat. 1957, Vol. If, p. 451-456. 

7 Cramer, L.M., Waite, J.H., Edgcomb, J.H., Powell, C.C., Tuohey, J.H., 

; Van Scett, E.J. and Smith, R.R. Burn follewing accidental exposure 
to high energy radiation. Ann. Surg. 149: 286-293, 1959. 
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- Part Ac 


Project Title: Attempt to induct carcinoma of the bladder in hamsters 
“ye by infection with Schistosoma haematobium. 


i Principal Investigator: Dr. Eloise Cram. 
| ‘Other Investigators: Br. Louis B. Thomas, Dr. Elmer Berry and 
! Br. Louis Olivier. 
_ an Years (calendar year 1959); Patient Days (calendar year 1959): 
> Totale 1 
. Professional: ze 
- Other; - 


Project Description: 


This research project is in collaboration with Doctors Eloise Cran, _ 
Elmer Berry end Louis Olivier, N.[.A.I.D. and consists of studying 
chronic infection with §. haematobium (Gold Coast strain and Egyptian 
strain) in hamsters; particulerly with reference to the induction of 
bladder carcinoma. 


a.) 217 hamsters were exposed to approximately 300 cercariae 
(Gold Coast strain §. haematobium) each early in 1955. Practically ali 
of these hamsters have now died and have been autopsied. Histolegical 
sections have been prepared. 


b.) Late in 1956 and during the first six months of 1957, §. heemate- 
bium from Egypt became available through the efferts of Drs. Berry and 
Olivier. Approximately 150 hamsters were exposed to cerearise and 
approximately 80 of these animals are still living. 


Thus when this experiment is completed it will be possible to 
compare chronic §. haematebium infestation in the two gruups cf animais 
with Esyptian and Gold Ceast strains of §. haematobium. 


Significance to Cancer Research: 


§. haematobium infection has been found associated with bladder 
carcinoma in several parts of the world. This study is designed te 
produce bladder cancer in the hamster by chronic infection with §. haemato- 
bium. The incidence of bladder cancer associated with Schistosomiasis 
ts b: high in Egypt and relatively low in the Gold Coast. The study is 
also designed to determine whether there ere pathological differences 
between infestation due to §. haematobium from these two parts of Africa. 
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; Protec nf Title: CGytechemistry of Ribenucleopreteins 
 Peiacipal Investigater: Rebext Love 


_ Other Investigators: Dr. 7. P. Bheredwaj (B,C,D,E,L) 

a De. BR. G. Suskind (A) Priucipal Invest igater G3 
De. N. P. Salguan (F) (NIAID) ie 
Dr. A. J. Dalton (A) 

Br. K. O. Ellen (Wistar ae (RK) 
Dr. H. Kobayashi (E,2) 
Dr. &. Kilbam (5) (DBS) 


“Gooperatt ing Uaitss 

Man Years (calendar year 1959): 
Totals: 1 1/3 
Professional: 2/3 
Other: 2/3 

Project Deseription: 


ee Objectives: fe study the ribonucleic acid metabolism of nermal . 
Beornooric and virus-infected cells. 





Methods: Ae Further development of new staining procedures for 
tibonucleoproteins. 





a e B. Study of the cytochemistry of eno lecurct elas im rat Liver 
fects during starvation and ne feat ne 

&. Investigation oF the structure and funetion of the aucleolinus. 
& Development of & simple stain for piccenondrtet 


; E. Study of the ribonucleeprotein metabolism of Ebrlich es 
vestts aecompanying the mitetic abnormalities produced by eeienicinerae 


; ope Cytcechemical and bicehemical stains of Hele celis infected 
with = DNA virus (vaccinia). . 


G. Cytochemieal studies of Hele cells infected with a new 
(probed) ly BHA) virus, HA-1. 
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xt A {continued} 


er ‘HH. Gyteochemical studies of oncolysis preduced by Neweastle 
sease Virus in the Ehriich agseites tumor. 


I. Attempts to inhibit mitosis by treatment of Ehrlich ascites R 
tumor cells or P38SD1 tissue culture eelis with ribonuclease. 


dg. Study of the cytochemistry of squirrel and rabbit £ibromn 
fires infection. 


Ke investigation of the nature and properties of a ribonuclease 
mtsminant of boyine testicular snd streptococcal hyaluronidase. 


. LL. Attempts to modify RNA metabolism by treatment of Ehrlich 
elites eells with agaserine and Z2-deoxygiucose. — 


: Major Findings: A. 1. The chemical basis of the toluidine blue= 
lybdate (Tay) mathod of staining nucleoproteins has been determined. 

2. In addition te the seven forme of RNA-protein originally delineated by 
the TBM method, two other forms of BBA-pretein have been recogniged. 3. Tt 
hes been shown that electron-dense molybdate is deposited at sites of 
tachromstic staining by the TBM method. 


B. The changes in the ribonucleoproteins of the rat liver were 
Patca by the TBH methed. Some forme of RNP were unaffected by starvation; 
others disappesred and reappeared after re-feeding. The results suggested 
thet some of the ey -Op cesta RNP was tormed in the nucleus. 


¢. The nucleolinus has been observed in a number of normal and 
neoplastie cells. The nucleolinus was usually large in neoplastic celia and 
Bes definitely inereased in size in cells infected with Newcastle and HAol 
virus, in liver cells during re-fceding after starvation, in cells prevented 
from entering propase by colchicine and in regenerating rat liver cells fed 
ote (by courtesy of Dr. H. Sidransky). 


(i 
ive) 


D. A simplified iron-hemstoxylin stain suitable for use on blocks 
Thxed in formol-sublimate kas been developed. 


ee 
i 


2 E. Depending on the dese, colchicine produced cither metaphase 

arrest or complete inhibition of mitosis of Ehriich celis. In the former 

instance, muclear parachromatin felled to diffuse inte the spindle gone st 
the end of prophase. In the latter case, where the onset of mitosis was 

inhibited, there wag an increase in the sise of the nucleolus and nucieciinus 
and an imerease in the parachromatin of the interphase cells. The results 

'Buggest that the diffuse nuclear parachromatin mee y play 2 rele in the 
Beco ef the spindle fibers. 


935 








Serial No. NET 52¢ 
PHS NIH Or 
ividuel Project Resort 
gore ie Year 1959 


fo 
a 

















A (eoatinued) 


. F. The development of motile vaccinia virus particles has been 
xved under the phase microscope. Granular RNP, as well as DNA was 
iated with the formation of the cytoplasmic inclusions predueed by 

3 mis virus. The cytochemical studies have been correlated with virus 
titration and bischemical analyses of the nucleic acids of the cell. 


G, Preliminary studies indicated that there are marked ifferences 
ween the sytepsthogenie effect ef HA-1l virus on monkey kidney as on 

la celig. & number of cytopethogenic effecta that have not been peace bed 
ore have been observed. See. Dr. Suskinds report. 


_ #8. A study of the cytoretkology of Ehriich ascites cells infected 
2 Meweastle Disease Yirus kes been published. 


I. Ribonuclease, even in doses of 40 mgm/mi., had no significant 
fect on the growth or BNP metabolism of any of the cells tested. 

: J. Material from squirrel and rabbit fibromas has been eclliected 
it has not yet been studied. 


K. All preparations of hyaluronidase tested contained ribonuclease. 
he weperties of the conteminant ribcnuclease have been elucidated aad compared — 
tn those cf crystalline pancreatic ribonuclease. 


coal L. Agaserine and 2-deoxygluccse treatment produced no detectable 
effect on the growth or on the aucleic acids of Ehriich ascites tumor celis. 


Significance: The role of RNA metabolism of the cell is of 
Pdameatal importsnce in the understanding of genetics, protein synthesis, 
cell growth and differentiation, aecoplasia and virus infection. 

r Proposed Course; 1) Continued investigation of the cytochemistry 
of REP. Development of the TBM staining procedure for electron microscopy. 
Further studies of the nucleolinus and of RNP metabolism in various 
systems: {a) sells infected with DN& and RNA viruses using newly-develooed 
techniques and autoradiography. (b) Celis in which protein synthesis or 
cell division is inhibited by various procedures. 


Part Bo included: Yea 
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tons other then ebetracts from this pre jiscé: 


 Leve, &., end Bharadway, T. F. 
Teo types of sibonucleoprotein in the nucleolus cf memoalian cella. 
Nature 185, 14531454, 1959. 


Love, R., and Liles, R. B. 
Differentiation cf nucleoproteine by inactivetion of protein-bound 
amine groups end staining with toluidine blue end annonium molybdate. 
3. Histochem. end Cytochem. 7, 164181, 1959. 


Love, R. 
_ fhe cytopatholesy ef virus-infected tumor cells. 
Am. H. ¥. Acad. Sci. 81, 101-117, 1959. 


Bharadwaj, T. P., and Love, R. 
Gytoelogy of vat liver cells during starvation and refeeding. 
J. at. Cancer Inst. 23, 695-715, 1959. ' 


Bharadwaj, F. P., and Love, KR. 

Remonstration of mitechondria in eissues fixed for eytcchemical 
and general staining procedures. 

Stain Technol. In press, 
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Project Title: Viral Therapy of Tumors os 
"principal Investigator: Robert Love 

Other iwestisators: Sr. R. G. Suskind (C) _ 

Pcecpecating Units: 


Man Fears (calendar year 1959): 
fotels 1 1/3 

Prefessional: 2/3 — 

Other: 2/3 


: Project Deseription: 
Objectives: T5 adapt viruses te become oncolytic fer tumors. 


Metheds: A. Psssege of Neweastle Disease Virus (HDV} through 
vious cumors in vivo. 


B. Analysis of the oncolytic effeet of the virus. 


G. Comparison of the oneolytic effect of rat-Hela adapted and 
unadapt “ed Coxsackie virus on Hela certs in rats and chick embryos. 


Major Findings: 1) NDV was qdascea to infect and to destroy the 
hriich ascites tumor. 2) The Ehrlich edapted virus grew poorly in the Krebs 
amor ead produced no oncolysis, After 18 passeges in vivo through the 
ebs 2 tumor the Ehrlich-adapted NDV beeame oncolytic. Tt has not been 
possible to adapt the original chick embryo NDV to the Krebs tumor by 

in vivo passage. 3} Chick embryo NDV preduced some oncolysis cf the F388 
mouse gecites tumor while the Ehrlich-adapted virus hed no effect. After 
few passages in vivo through the 2388 tumor the ehick embryo HDV became 
ore definitely oncolytic While the Ehrlich-adapted virus was still without 
Effect om tumor growth. 4) Hela cells could not be grown with sufficient 
egulerity to permit a etudy of the effeet of Coxsackie virug on Hele celis. 





5 Significance: The adaptation of a virus to 2 given tumor dese not 
confer oncolytic properties for other tumors. Im some instances a virus that 
ig adapted to one tumor may be easier to adapt to another. on the other 
hand adaptation to one tumor may heve the opposite effect and sender the 
virus more diffieuwlt to adapt to another tumor. 
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Study of Filtrable Agents from Mouse Tumore. 


~ 


John H. Edgeoub {4 eas) E 
Alan $. Rabson (B only} 


pecans fcalendar ee es8) 

Total: 1 2/3 ce 
 Brofessional: 2/3 

| Other: i 


Renta 


peegsece Pesertptton: 


ti Ae culture. 


B. To study the sytopathology of pelyome virus infection im tissue 


Methods: A. Extracts from 4 lymphocytic recplasm were paesed 
serially in monkey Eidney tiseue cultures and inoculated inte C3H/HeN «x ARB 


2 


‘mermel tissues treated in the same menner. 


B. P368D1 murine lymphoma eells grown in 4 milk medium were 
fected with polyom: virus and studied by various cytochemical techniques. 


Major Findings: A. A variety of tumors were produced in mice by 
imeeuletion of the first passage monkey kidney msterial contsining che 
leukemia extract. 


&. Im P388D1 calle infected with polyoma virus, the ribonuclec 
otein of the nuclear parachrematin and the nucleolinus could not be 
emonetrated. The nucleclus was enlarged and vacuoles containing a diffuse 
end a condeneed ferme ef abnormal ribonucleoprotein appeared in the nucieus 
The nuclei were at first enlarged but leter shrank, became pyknotic and 
ieintegrated. Wuclear fragments frequently underwent phagocytosis by other 
less damaged tissue culture cells. Deoxyribonucleic acid could net be 
‘demonstzated with eertainty in association with the newly-formed abnorme) 
vibonucleoprotein in the nucleus. 
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Objectives: A. To propagate a filerable agent from mouse leukemie 


d C38£/ Hell x AKR newbora mice. Control mice were inoculated with extra aces ee 
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Significance: The nature of the interaction between virus end 
@ad the factors devermining whether the outeome will be necrosis 





Proposed Course: A. All the surviving mice will be held on tes CS 
nthe at the end of which time ae results will be analyzed. ae 





—~=&B. In view of reports that the infectisus nucleic acid of bolyoxs 
eee eS gs a new sechniques will be applied to detect ‘ 











‘Part B included: Yes 
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Project Title: A review of the surgical and autopsy sections from ~ 
Veterans of World War ~ whose cause of death hes 
peed listed as lung eancer. 


| Principal Investigator: Katherine McD. Herrold 


‘Other Investigators: Harold L. Stewart, Laboratory of Pathclogy, NCL 
Harold F. Dorn, Biometry Branch, DRS, NIB 


Cooperating Units: 


Man Years: (calendar year 1959) 
Totals 
Professional; 
Other: 


(Project Deseripticon: 

us) Objectives: The objective of the study is to review all the 

_ +cases from veterans of World War I which have been diagnosed as lung 

+ e@ancer and to determine whether the findinge meet the criteria for primary 
lung cancer. The second objective is to classify the tumor according to 
the histological type. 


: 

K Y , 

P Methods; This review is being done in conjunction with the 

3 epidemiological study of the National Cancer Institute on the relationship 
| between smoking and death from carcinoma of the lung. 

: 

4 Pilot studies using Syrian hamsters are in progress to determine 
an experimental spproach for atudying the pathogenesis of limg cancer. 
Intratracheal instillation and transplantation of newborn tissue, including 
_ bronehi.and lung tissue into weanling hamsters have been tried. Attempts 
+ to produce tracheal fistulas in hamsters so far have been unsuccessful. 


Mejor Findings: This study has not been in progress a sufficient 
_ length of time for evaluation of the significant findings. 


; Significance: The knowledge gaimed from this review of lung cancer 
cases may elucidate the importance of proposed etiologteal factors. 


Proposed Course: To continue reviewing the surgical and SUuEODSY, 
material sections from the cases of veterans of World War E and te perform 
experimental research relating to lung caneer. 


Part B ineluded: No 
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Part A. 


‘Project Title: Experimental studies relating te the minimal concen- 
tration of hydrocarbons which will produce cancer 
in hemster cheek pouches. 

Principal Investigstor: Dr. Katherine McD. Herrold 


Other Investigators: None 


Man Years (calendar year 1959): Patient Days (calendar year 1959): 
fotal: 1 
Professional: 1 
Other: - 


Project Description: 
Fa cia 
Objective: 


The objective of the study is to determine the minimal concentrations 
of known carcinogens which will produce cancer in hamster cheek pouches 
end to study the histolytie chenges during the early initiations an 
promotion stages. 


Bethods: 


Test pellets using €.P?. beeswax as a vehicle and containing various 
concentrations were prepared. The hydrocarbons,which are being used in 
the experiment are 9, 10, dimethyl - 1, 2 - benzanthracene and 20-— 
méthylcholanthrene. The pellets have been inserted in the right cheek 
peuch of 83 hamsters and will be left. in situ for indefinite periods. 
Pellets consisting only of beeswax have been inserted into the cheek 
pouch of male and female hamaters and will serve as controls. The tech- 

“nique being used is the one developed by Dr. Lucia Dunham (see Serial 
No. NCI 501b). 


‘Major Findings: 


A marked difference has been observed between the action of 20 
methylcholanthrene and 9, 10 dimethyl 1, 2 benzanthracene on the mucous 
membranes o£ the hamster cheek pouches. Concentrations of 2-5 moms 
above of 9, 10 dimethyl 1, 2 benzanthracene produce acute ine tone 
ulceration and necrosis of the hamster cheek pouch and within a perio 
of 10 days to two weeks the pellet UCR Outs: 
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The end stage in many of these pouches is atrophy and in a few of 
the cases neoplastic changes have occurred. With lower concentrations 
of the carcinogens, epidermoid carcinoma has developed in many of the 
hamster cheek pouches so far examined. The livers of the tumor bearing 
animals reveal prominent hematopoiesis. 


High concentrations of 20 methylcholanthrene have produced only 
negligible changes in the hamster cheek pouches and no tumors so far 
have developed. The centrol animals which have been examined reveal 
no significant pathelegical changes in the pouches. 


Preposed Course of Project: 


_ Complete necropsy examinations are being performed on all hamsters 
and the pathological changes will be correlated and evaluated. ‘The 
findings will dictate the future course of the experimental study. 


Part B Included Yes (x) No ¢ } 
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Serial No. NEF 565 

obeae L. Laboratory of Pathology 
ie z sieet : 2. Cancer Induc. & Pathogenesis. 
Se 3. Bethesda, Maryland 


SeRRO RNS 





PES-NIH 
Tudividual Prefect Beport 
Calendar Year 1959 


Project Title: Collaborative Research Requiring Pathologic Anatouy 
Principal tsvestigster: Thelas B. Duan 

Other fuvestigsters: 

Sees Grits: 


aia (eelenies yest 1959}: 
etal: 2/3 
a eae 1/3 
Othere 1/3 


Pee iset Deecrivtion: 


Ob jectives: Fe soliaborate with and advise other investigators 
| 8¢ the Betlonal Cancer Institute in phases ef research problems requiring 
«experience iz eniusl pathology. 


a 
; 

a 

4 Wechede: This way consist of (1) Full responeibility and separat 
_ publication as sealer author ef material reviewed in cormection with work 
_ G& another investigator, (2) Review and description of animals coming to 

_ gutessy, and publiestion of the findings as a separate seetion of 4 paper 
_ seseribing the entire experiment, (3) Review and diagnosis of tumors 

found by imvestigater lm course of experiments, the information to be 
used in @ tebulation of results, (4) Gcecasional consultation and advice 
on pathclogic aspests or material in an experiment. 


Major Findings: 1. With Dr. Ruth Merwin. Mice which had been 
implented intraperiteneelly with "*bandwiched’ containing a variety of 
different tissues have been autepsisd. The results have not been tabulisted 
but @ significant musber of plesma cell neoplasms, diffusely seeded on 
peritcreal surfaces, have been found. Spontaneous tumors of this type 
Rave never been found. Bisema cell neoplasms of this type have now 
been found in @ BALB/c male mouse which received no estrogen, in 2 C38 
mouse, S2d in a mouse with a Blank “sandwich.” This eliminates several 
factors--sex, estrogen stimulation, BALB/c genetic constitution, and 
*foreign" tissue in eandwich--as necessary factors for the induction of 
the plasma cali neoplasms. Other neoplasms, particularly fibrosarccmas, 
have also been found but these usually appear im close asseciation with 
the sandwich. Dr. Micshzel Potter and Dr. John Fahey are studying tke 
abnormal proteins ef these tumors, Br. Jeck Melton possible virus 
particles, and Dr. Ress Mecfardle the Golgi apparatus. 
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a Significance: Pathologie review is indispensable to many ¢ype 
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: ‘Past A € fcontinued) 


2. With pr. Katherine Sanford. The morphology of tumors growa 
an the mouse from tissue culture cells. 


3. Continued work with Br. Andervent on mammary tumors. 
& With Br. Join Maloney on leukemia produced by a cellefree 


file trate. BAIB/e mice were injected with spleen extracts from normal 
mice, and from ives leukemis" mice. A&atopsies heve been performed at 


Fake & intecsvais on mice from 2 groups. At pregent time (12 weeks after 


_ injection) no difference kas been deteated. 


\ 


of cancer research. This is beat carried ot by & speelaliet in paths ne Bie 
anatomy, since with the present complexities of research a single 
investigator cammot know this field and kis own specialty. 


: Eroposed Course: This work will continue as in the past. When, 
ag a result of many observations, enough information is accumulated 


a regarding any subject, publiestions will be wade . 


Part 3 included: ke 
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Calendar Year 1959 


sct Title: Am Electren Microscopic Investigation of Normal and Neeplastic 
rye: Tissues. 
























pal Investigator: William G. Banfield 


: Investigatozs: Dr. Dawe, Dr. Rabson, Dr. Ramirez, Dz. Longley, 
ae hae - Darlene G. Brindley 


n ears (calendar year 1959): Patient Days (calendar year 1959) 
Total: 1 1/2 | 

Professional: 1 

Other: 1/2 


ct i aa 


Popjcetives: 1. To describe and interpret the ultra structure of selected 
neoplasms gad to compare results with suitable contyol tissues. 


2. To leok for and study the inciting agent or accompenying virus 
in neoplastic lesions and compare with similar agents or 
ses if known. 





Ma jor Findings: 1. The polyoma vizus was deseribed for the first time i: 
section obtained from cultured cells supplied by De. Da 
s@ publication). A larger viral form prébably different from the polyoma wa 
BO present in this material. The same cells grown by Dr. Rabson in @ 
id infected with polyema contained only the 300 A° polyoma particle e 
the larger particles. The 300 A° polyoma particles grow in cultures after 
t e inoculum te 60° fer 30 minutes. 
2. Skin lesions were eraiaed Erem Galtencnt and | 
acanthosis niggicans and tumer from the malignant lesien. Control sec 
ormal and jaundiced skin were also examined. Small particles 50-100! 
diameter were found in great abundance in the basal ceils of the malig 
canthosis nigricans, less frequently in the benign and least in the control. 
heir exact identity has not been established but they are prebably ferritin wh 
so far has not been described in skin. Dr. Helen Curth end her husband and 
Dr. Cronin made it possible for us to obtain these lesiens. Dr. Rabson could 
ow nothing from these lesions in tissue culture. 
3. Two lesions of molluscum cantegiosum were ebtained 

Dr. Marc Weiner. The virus on gross visual: examination has not grown in tis 

dture of keratinizing epidermal cells @r. Rabson) er on rabbit skin or in 
abbit testis. 
q ; _ &. In collaboration with Dr. Longley we have submitted a 
ipex on the structure of the rete mirable in the kidney of the gat. 
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any Pea esauble® doubee The ultra structure of a rete mirable 
malian kidney, similar,to that in the swim bladder of the fish has 
exibed for the first time. A previously undescribed 50-100 A* dense 

n the basal layers of the skin has been found. 





Seolsese and attempt te find the significance of eee large. 
the. serum cultures and their absence in the milk cultures. ee 
2. Attempt to identify the 50-100 At particles in the skin 
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‘title: An Investigation of tie Coll accto ds Connective Tissues and Elastin. 
ne pal Investigator: William G. Banfield 

Srayeecizators: Darlene C. Brindley 

persting Unite: 


a Years (calendar year 1959): Patient Days (calender year 1959): 
Total: 13/4 — 

Professional: i ‘ 

Other: 3/4 ; E 


eject Description: 


Objectives: 1.To elucidate age changes and pathologic gicerarions in collagen 
and elastin. 

2.Te uncover mechanisms affecting the state of collagen in the 
body. 


- Major Findings: 1. In hamsters there is an increase in the abdominal skin 
collagen soluble in 1:3000 acetic acid between 28 and 42 es) 
during the time of development of spermatogenesis and the appearance of many c 
cells in the pituitary. Additional age changes have been noted but no SRS 
corzelations have yet been made. 

2. As an outgrowth of the studies on ageing hamsters we have 
Erensolancable tumors among which are two melanomas, ea reticulum cell sarcoma, 
a se LsmEnoma » 2 possible adrenal cortical tumors and an epidermoid carcinoma. 


Vs 
ear 


F Significance: The data being collected on the hamster is yet to be evaluated. 
‘A fairly geod base line for the normal development throughout the life span of 
male hamster should be esteblished. 





Proposed Course: 1. Complete the histolegical portion of the ageing hamster 
program and analyze the data. Fill in the data with more 
old hamsters where needed. 

q 2. In collaboration with Dr. Sebesin study the collagen from 
the foot of a patient with rheumatoid arthritis. This cellegen shows many 

Eee olegic changes. 





3. With the electron microscope and in collaboratien with 
Drs. Sokeloff and Obrien, study the collagen in ochronesis. In addition folic: 
‘collagen fibril changes in maturing scars, examine the collagen ef growth | 
treated hamsters and study elastic tissue in thin sections if a suitable met 
can be developed. 









. 4. In collaboration with Drs. White, Reid and Jackson 
the collagen at various sites in the rat for rate of decay of cl4 labelled & 
when it is stepped after feeding from conception to about 4 months after birch. 
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Ges and D. _ Brindley 
escopic peusy.* Gf the epidermet lesion ee 


he elewentery body ce NN eeu contagiesum. 
» Cytol. ,5: 513-514, 1959 


» and es Besodtey. 


Banfield, W. cs Daves C. J., and Betadlers DeaGe 
‘ntracel lular and extracellular particles in tissue cultures 


oe inoculated with paretid tumor egent (Polyoma virus). 
 . Net. Cancer Inst. In press. 
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Part A. 


Project Title: The Induction of Squamous Carcinome of the Lungs in 
laboratory 4nimels 


Principal Investigator: Mearl F. Stanton 
Other Investigators: Rebert Blackwell, Joseph Albrecht end staff 
Cooperating Units: 


Man Years (eslender year 1959}: 
Total: 3/6 Fi 
Profesgional: 1/4 
Other: 7/12 


, ) ¥reject Description: 

| Objectives: To induce lung cancer in laboratory Ae through 

4 deposition “ok known and suspected carcinogens in areas of regenerating lure 

| tissue. 

| - Methods: Certain aliphatic halocarbons are capable of causing 
fehenic necrosis when trapped in capillary ‘vessels. By incorporating 

_ carcinogens such as methy Lcholanthrene inte the inoculum it is possible to 

| deposit the careinogen in particular organs of latereet to the oncclozist. 

_ The detection of methylcholanthrene Gepoest tn by U.V. microscopy is being 

_ accomplished. 


Major Findings: Intravenous administration of the halocarbon alone 
has not induced tumors in rabbits, rats, or mice, many under observation 
_ for one te two years. Im mice and rabbits neither the halocarbon ‘nor 
 hkalocarbon + methylcholenthrene cause an increase in spontancous alveologenic 
tumors nor do they induce carcinomas in the areas of infarction. in rate 
+ @ suspension of methylecholanthrene in tricapoylin carried te the lungs in 
the halocerbon consistently induced metastesizing squamous carcinomes of 
the lung which kill the animals in six to seven months. The histogenesi 
of the tumors now under study indieates they arose in areas of bronchial 
metaplasia which result from halecarbon predueed infarction. We have 
traced the deposition cf methylcholenthrene with ultraviolet light microscopy. 
Significance: Our studies may contribute to several major pro 
in the genesis of lung cancer in man such ss the role of pulmonary scarri 
and its relatiouship to exogenous inhaled carcinogens which im themselv: 
may eet by injuring bronchial cells and subsequently altering thelr neoz 
potential, Such atudies may also offer a new method for studying the 
mechanism of methylcholanthrene carcinogenesis. 
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- * Part 4 (continued) 


Proposed Course: Study of the histegenesia of the tumors. 
Quantitative mezsurements of dose to response. Further testing on ability 
cf scarring alene to imiuce carcinoma. Tests eurrently under study include 
the intraverncus administration of infarct inducing halocarbons several 
dgsys peior to and several days after intravenous methyicholanthrene ic an 
effort to demonstrate the initiating and/or promoting effects of thaee 
substences. Further studies as outlined in Individual Project Report 
NOY 505, 1957, are also continuing. 


Part B ineludeds No 
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erial No. RCT 506 z 
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2. Gancer Induc. & Pathogenesis 
3. Bethesda, Maryland 


PSS -NTE 
individual Peeject Report 
Galendar Year 1959 
Bart A. 
\ 
Project Title: Study of Transplanted Tumors in ae 
Principal Tnvestigeter: Thelma B. Bora 
Other Investigators 
Cooperatins Galtss 


‘Maa Years (eslendar yeer 1959): 


‘Fetal: 5/6 
Feefessionai: i/3 
Qther;s 1/2 


Fraject Reseriptiion: 


Objectives: Te study various unusual tumors which may throw 
light on the normai cell counterpart or cell function, and assist in 
under steading ef neoplasia. 


_ Methods: A aumber of tumor Linea of unusual interest are aw 
. being earsied. A Among them are (1) Mast cell neoplasm, (2) Plasma cell 
peor eam {3) Functional adrenal certical nsoplesm, (4) Organoid tumore 
- of uterus in BAIS/<c mice, (5) Osteogenic sarcomas, 


Major Findings: (1) Mice bearing the mast cell tumor heve been 
gent to a msuuber ef laberateries in the United States and also to Sweden. 
_ uecr tissue has aiso been supplied to a number of imvegstigaters et the 
_ Natiesal Institutes ef Health. The tumor im the aseites form is carried 
_ by Be. Michael Potter, and in the solid form in this laboratory. 
 Hetachromatic granules &re still abundant in the malignant cells after 
S$ years in trengplent. Tumor tissue supplied fram this isberatery has 
_ + xecentiy been used by Dr. Edvard Korn of the National Heart Institute for 

studies of heparin. i 


} {2} Several plaema cell lines have produced alterations in the 
_ kidney of tumor-bearing mice. These tumor lines heave been peeoiiede to 
Mr. Ralph Coleman, & medical student working under Dr. J. F. A. MeMenus 
at the Uaiversity of Alebema Medical School. 

{3} fhe adrenal cor rical neoplesm inconstantly eusicrae t & 
viriliging changes in female mice, and other morphologic aiteratic 
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Part 4 feontinued} 


rene , £4) Several tumors cf the uterus are now carried in BAIB/e 
mice. These are remarkably organoid, and one tumor, after seven months 
grovth, produces a cystic savity, lined by andemetriiel mucosa and strom, 
and wnat appears to be & smooth muscle outer layer. 


{3} Ostecgemic sarcomas. These tumors cften metastasize to 

the lungs and are belmg used in cther laborateries for studies ox tumer 
spread, A large multinuclested “estecclastic" cell is regularly found 

in one of the tumere. Im tissue culture (by Be. Clyde Dawe) the mulii- 

' nucleated cell disappears but it reappears when transplanted back to mice. 


Significance: Heoplestic alterations in cells which have 
easily raceguiged morpholegic er metabolic characters way lead te a 
elearer understanding of neoplasia. 

Proposed Geurse: The transplent behavior of these unusual 


tumors is being cbeerved. Studies are plenned to determine whether 
the ulerine tumors respond te endocrine alterations. 


Part & lacluded: Wo 
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Part A. 
Project Title: Factors Involved in Abortive Mitosis in Huzen Hair 
Follicles im the Categen (resting) Phage of the 
Growth Cycle 7 
Principal Investigator: Rose C. MacCardle 
Other Investiesters< E. J. Yan Seott 
Cooperating Gaiess 


Men Years (calender year 1959}: 


fotais 1/2 
Professional: i/4 
Other: 1/4 


@jeet Beseriptienzs 


Cbjicctivea: We diseovered that the epithelial célls of bunsn 
hair foliieles in the reating (catagen) phase of the hair growth eycile 
reveal evidence of arrested mitetic figures, whereas in the actively 
growing phase few if aay such abortive aitotic figures ceuld be found. 


Metheda: A aieroscopie study of biopsy specimene. 


Significense: We are interested im determining whether basal 
and squamous cell tumors possess Such flgures. We are also interested iu 
trying to determine whether some natusally ceceurring mitotic inhibitor 
may be present during the catagen phegse and neutralised in the angen 
phage,°--a situetion similer to the production of acetylcholine and its 
breskdowa by cholincaterase. 


‘Fropoged Course: Finishing is for final proof, end we plan 
te attempt te extract © chemieal agent from the catagen stage chat would 
throw enagen inte estagen. 


Pert B tecluded:s fe. 
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Calendar Year 1959 


Part A. 


Project Title: Cytology of Antibody-producing FPlasma-cell Tumors 
of Mice and Buman Multiple Myelone 


Principal Investigator: Ross €. MacCardle 
Other Investigsters; Michael Potter and Jchn L. Fahey 
Gooperating taits: 
‘Man Years (calendar year 1959}: 
Zotale 1/2 
Professionals 1/6 
Other: 1/4 
Peojieet Beseription: 


Objectives: To determine the intracellular site of production 


of antibodies and to ascertain the celluler origin and fate of plasaa ceils Bo 


Methods: By cytologicel techniques for Golgi apparatus mitochoads is 
end EEA, we @ study the tumor tissue end also plasma cells imduced te form in 


mice injected with rabbit serum or Freund’s adjuvant. 


Bese Findings: The juxtanuclear clear cytoplasmic “heft! by 
which the piaema cell is charecteriged consists of the Golgi apparatus and 
the centrosome. The plesmi-ceil tumors of mice possess three different 
types of Golgi apparatus consisting of: I. a fev small strands; If. a 


diffuse network; and Iii. « large thick hypertrophied ball network. wo 


of the tumors producing beta-globulin can be distinguished from the others 
by their characteristic hypertrophied Golgi apparatus (Type III}. Bowever, 
the type of Golgi apparstus does net appear to be related to the electro<- 
phoretic mobility of the glebulin, but rather to the speed of production 
of the protein. The cytoplasm of plasma cells is rich in ENA, but the 
Golgi area is free of it. 


Plaewa celis of pisswaecell twmore appear to derive from lymphona- 


Like cells which in turn probably derive from wadifferentiated Lympho- 
eytogenzic cells of the germinal centers of lymph nodes. 
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Part A (continued) : 


Signi ficence: Suck Information may lead to batter understanding 
of the mechanism of production of antibodies and to a method of controliiag 


the differentiation of plssme cells in Jaeeiiam tumors and multiple 
mys lows. 


Broposed Course: We tatend to pursue this problem in an attempt 
to prove the celiwiar origin of plasma ceila. 


Part B included: No 
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Prefect Title: The Preteplasm ef Tumor Cells: Characteristics of 
malignant necplastic pretoplesm 


Erincipal Investigator: Ress €. MacGardis 
Other Investigators: 
,» Csoperating Waite: 
Man Years (calendar year 1959): 
etal: 5/6 
Professional: 1/4 
Gther: 7/12 
Project Description: 


Ob jest ives: This wanuscript consiets of about 300 typewritten 
pages being written in monograph form as part of an International Handbuch 


der Prot eplasmaforschang edited by Heilbrunn and Weber. It deseribes 


the cytological and seme phygiciogical characteristies of tumor celle. 


Ee eontains some new material euch as plaama-cell tumors and pituitary 


 €umors thee bse not been publighed elsewhere. 


ot 


—— ee ee ee ee 


Proposed Course: To be sent te the printers on Jenuary i€. 
This will Finish the work. 





Part B included: Ks. 
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Part A. 


Project Title: Study of Endecrine and Reproductive Organs im the 
House 


Principal Tnvestigeter: Thelws 8. Dum 


Other Investigators: Ress €. MecCardie is deing seme phasee of this 
study. Mr. Joseph Albrecht and Me. Hans Bergman 
are msking Gaiers PUCeanaer ons ef the picsultary 
giand. 


Gcoperating Units: 


Men Fears (calendar year 1959); 
Gotal: 5/6. 
Peofessionals 1/3 
Others 1/2 


Preject Beseripticns 


Objectives: This is a continuation of work begua several years 
ago. it is expected thac it will continue for e considerable pericd of 
time since tims ig required for accumulation of animels. fo eccumileate 
reliable data by cbservations om untreated mice, plamed procedures, 
and reviewe of the literature regarding the reproductive and endecrins 
ergens of inbred mice. 


Hetheds: Paragoual ebservations es materisl submitted from 
different sources, plasned experimental procedures im inbred mice, 
hRigtologic study of untreated mice at varicus ages, systematic review 
ef the literature. 


Mejor Findings: This study is proceeding elowly because of 
pressure of other work, Congidereble morphologie difference is found 
in the adrenal glands of inbred strains of mice. Thie material is 
already proving useful to other members of the staff sinee it represents 
‘8 nermal standerd of same endoerine organs in the mouse. A beginning 
hes been made on writing up reeults on the edrenai gland. The literature, 
which proved unexpectedly voluminous, hes been reviewed. Amorphous 
particles seen im the medulla in denker-fermol fixed adrenals are being 
studied by Dr. Sam Spicer. He hes found similar pertieles im the adrenal 
medulla of other species. Mercurie chicride is required to presipitete 
them end ne previous description has been found of these bodies. 
lecaticn of the pineal gland of the mouse hes alao been determined, and 
some observations are being mede. 
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Part A (sontinued> 

Significance: Since hormonal studies are an important part of 
cancer reazerch, it is desirable that reliable information be available 
regerding the endcerine and reproductive organe of inbred strains of mice. 


Proposed Course: f¢ is expected that this study will proceed 
slowly, and require several vears for completion. 


Fast 8 inmeluded: Yes 
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Calendar Year 1959 
: Pact B. Honors, Awards, and Publications 

_ Publiesaticns other than abstracts from this project: 
Dunn, Thelma B. , 

Gencer Research in the Soviet Union 

(3. Am. Med. Women’s Agsoc. 143 314-316, 1959. 

Dawe, C. J., Law, L. W., and Dum, T. B. 


Studies of ParGaid Tumor Agent in Gultures of Leukemie Tissues of Mice 
J. Nast. Gancer Inst. 23: 717-797, 1689. 


| Honors and Awards relating te this project: 


Bey. President, Washington Society of Petholegists 
2; Hewber, Boerd of Directore, American Association for Cancer Research. 
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PHS -NIH . 
fadividual Project Report 
Calendar Year 1959 
Pare A. : 
Brofest Title: Collsborative Research 
Brineipal Investigster: Richard L. Swarm 
Deher Investigators: 


Cooperating Dalts: 


Hen Years (ealendar vear 1959): 


Tozals 1 
Profeseicnal: 1/3 
Other: 2/3 


Bro ject Descriptions 


Gbjectives: Te collaberate with and advise other investigators 
perticularly ia phases of research requiring experience in pathologie 
anatomy or the use of radi cactive ipotppes. 


Metheda: Methods vary yigeis and are aaa aa upon the problem 
and eS f extent cf the eoliaboration. 


Major Findings: Collaborations which have developed include the 
£ollowing: a) Collaboration with Br. 9. Morris om the effect of endocrine 
glands om the occurrence of hepatie neoplasms induced by 2-diacetylamino= 
fluorine. Some progress has been meade in the continuation of the 
histolegieal study of hepatic tumors which were found to have develose 
mere siowly in hypothyrcid animals. 


b) Colleberatien with Dr. §. $. Spicer of the Laboratory cf 
Pathology and Histochemistry (NEAMD) on a study of mucopolysaccharides, 


Through the study of tissues labeled with $ te kas been possible tse 


confizm the findings of others that auch of the acid micopolysaccharides 
particularily of micine are sulfated. In addition, however, some acid 
mucopolysaccharides were found to contain no S97. Dr. Spicer has gone on 
to identify these son-sulfated acid micins as these which heve a high 
content of sialic acid. Fresentetion of this work wes made at the Histo= 
chemicsl Society meeting, April 1959. 


In addition as a result of past collaborations interest continues 
in: a} the cGistribution of tetracyclines and their fluorescent pattern in 
necrotic tigsue and eertain neoplasms; b} the metabolism of bilirubin and 
study of tiesues from animals with a congenital enzymatic defect in the 
metsholism of bilirubin. This congenital defect is an inability to con 
bilirubin and certain other chemicals and hormones with glucuronic acid 
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Part & icontinued } 


s 


Baring the past year the principal investigater has consulted 


with a number of scientists ebout their research work and has lectured 


an the three N.I.E. Isotope Training Courses given during the past yeer. 


Significance: Csilaboration ie indispenesble te many types 
of cancer research. 


Proposed Course: Collshorations listed will be continuad ag 
desized. 


Part B ineluded: Ho 
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Peoject Title: Transpiantatioa Studies with Particular Eupkasis o 
. the Morphelegical Alterations of Cartilage riaeue pee 
Endschendral Bona Formation 


Prineips? tavestiester: Richard L. Swarm 


Other Investigators ¢ 
Cepoerating Units: 


Hen Years fesliendar year 1959): 
Totaie 1 
Professional; 1/3 
Other: 2/3 


Project Deseriptions 


Gbjectives: Te accumulate information about transplanted tissus 
with an emphasis on morpholegie alterations of normal proliferating and aduit 
eartilage tiesue end neoplasms floowlag transplentation. 


Methods: Changes in the environment of cartilage tissue are 
_effeeted by 1) aute, isc, homo or heterectransplantation; 2) alteration of 
the endosrine status of the host animal; 3) administration of material 
selectively retained in cartilage ($35); and 4) by alteration of the diet 
(lethyrogenic compounds). This study is limited to experimental animals. 


l interest in transplantation exzperimenta in general exists and in 
order to better understand the transplantation of cartilage, study and 
collaboration in the transplantation of other tissues is made as opportunity 
develons. 


Major Findings: Studies previously reported of iso- and homo- 
transplantation of a mixed tumor containing some cartilage tiasue have bee 
continued. Adaptstion of this tumor to certain hybrids and hemografts H29 
been accomplished. Attempts to modify the amount of cartilage present ix 
the tumor have not been very successful. 


i @ 


oy 


ad 


Selective proliferation or matrix formation of the cartilage i 
the homegrafted costochondral junction has been further studied using a 
and newborn cartilage as well as adult cartilage. These experiments wer 
set up as chronic experiments end the only preliminary information aatias bie 
is that these grafts behave in @ fashion similar te those previously studied. 
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A pilet experiment with only very few animals hes been started 
im which sartilege from « newborn animal was Giaced in tissue culture 
Eiuid containing polyema virus and then homografted to adult animels. 
These animals are belng ebserved fer the development of neoplasms. 


fogs autegrafted intravenously with thyroid gland tissue by 


Dr. Rieherd J. Sanders were studied with Dr. John Edgeomb. Survival cf 


the erafted thyroid tissue in and adjacent te pulmonary bleed veggesis hes 
been demonstrated. Observatien of surviving animals for chronic changes at 
the sites of the grafted thyroid tissue is being made. | 


During the past year studies were performed with a trensplantetie 
eartilagenous aeoplasm in rabbits cbtained from Dr. B. Levy of Houston, 
Yexas. ‘ihis tumer ess traneplantable by intracccular transplantation in 
De. Levy's vabbits. In our hands, newborn animals were transplented with 
the tumor ia the hopes that in the newkorn decreased immunologic sensitivity 
end increased amounts of growth hormone might mske possible greeter growth. 
these subcutencous transplants did inereagse in sige initially bt regressed, 


presumably due to a homograft reaction. Interestingly enough, all of the 


intveocculer transplants we have tried have alao been unsuccessful, One 


fossibie explanation of these results might be that the enimale with which 


Dr. Levy has had suecess trangplenting the tumor have all been closely 
related to each other. We ere not anxious to have a tumor whose growth 
ean be maintained only in the intraceculer site. In an effort to effect 
subeutanecocus or intramuscular cransplantation of this tumor we have 
guccessftully transplanted tissue te fetal rabbits in utero. Further 


attempts at in utero transplantation are planned for this tumor.‘ 


Significance: This project developed ae a result of collaboration 
with other investigators in the Hetional Cancer Institute. ft is basic in 


 ~aature and of interest in understanding hest-tissue responeges. 





Proposed Course: This project ia to be continued. 


Part B included: Yes 
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Part A. 

Projact ‘giele: Ontegenectic Beveleopment ef Pleema Celis in Mice 

Principat Investigator: Ross ¢. MacCardle 

Other Tavestigatore: 
Cooperating Uaitas 


Man Years (calendar year 1959) 


fotal: 1/2 
Professional: 1/4 
Gther: 1/4 


Project Description: 


Cbjectives: The lymph modes, spleen, and Lleececsl region of 
mice from fetus to old age sre being examined to determine the age at 
which plesema cells first sppear and to determine the rate of production 

et later steges. ‘The cytological characteristics of plasma celle are 





being studied to ascertain the state ef the Golgi apparatus, miteckoucria 


and cytoplasmic RHA at different stages of maturation of the plasma cell. 
An attempt is being made te determine the celluler crigin of plasma ceils. 
end to determine whether plasma ceils can be formed under artificial 
stimulation prior to their normal date of appearance. It is not yet 
known whether each type of protein antibody is produced by a single < 
 plesma cell, or whether @11 are produced im the same cell at differen 
_ stages of maturation which may er may not be reversible. 


a 


Metheda: Freund's adjuvant will be utilised as a stimulant to 

formation of plesma cells. This ean be injected into the fetus as weil 
as in the newhorn. Tissues will be teken at various ages and fixed and 
stained cytologically. 
a Major Findings: In the mouse, plasma cells first appear in th 
{ 
_ None were found before birth and nome immediately after birth. Pleema 
_ celle at ten days of age (called tentatively puberty plasms celis) can 
be dletinguished from ¢hoae of the adult mousa by the sige of thelr 
Golgi apparatus which is distinetly smaller than that of the adult plesa 
| ‘celis. it is net known whether such agents as Freund’s adjuvant could 
: induce the tene-day old mouse to form adult plasma cells, or whether a 
| puberty plasme cell merely differentiates inte an adult form. 
| 
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a lywphetie tissue of the intestinal mesentery at about ten daye after birt 
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See These findings and the studieg planned are 


believed to be cf fundamental impertanee te an understanding of the 
genesis of & eet cumor im the mouse, and pegsibly alse of multiple 


mye Toms in man. 
Beoepesed Course: ‘ft is intended to pursue this study, particular 


with a view te determining the relative susceptibility of newbora end. 
adult mice to the formation of plesma cell tumors. 
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Peoject Title: Enduesd ead Spomterecus Neopleams in Laboratory 
Asiogia, Faeeterd infiusseing their ineidence. 


Preiseipel Isveatigeter: Aubadas §. Meley 
| Other Investigaters: 
Ceepersting Wales; 
Mes Years (ealendar yeer 1995}: 
etal; 1 1/3 
Professienal: 1/3 
Other: 1 


Peefaat Bageriptieos: 


s 


objectives: & Stuéy the role cf sex hormones on the incidenc 
of hepatewa induced by ese dyes in male and femele rats. 8. Entluence 
of privasy end trensplanted tumors on tissue and serum chemistry ef vats, 
Methods: A. Male end female Gsborme-Mendel rats were fed on 
semlsynthetie diet eontaining pedimethylemincagebenzan:, p-dinethylaniae- 


 bengene=leago=leaaghthslene, pedimsthylemtnobenzene-1-sz0~2-naphtbs lens, 


or 68, *p-dimathyleminergobengenec. Some cuila and female rats were 
gonscectomiged and pellets comtaining estrogen and testasterons resrec= 
tively were implanted in same of them, Som femeles were adrenalectomized 


unideterally. 


B. A saveom indueecé in Osberse-Mendel rats in this Laboratory 
wes traasplanted in mile animais cf the sama strain. Amother sroup of 


wale and female Osborne-Mendel rate waa fed on semisynthetic diet 


| 
| 
; 





eontsining pedimethylaninebensens-l-ego-2enaphtnslerne. When tumoxes warc : 
nalpable and reached a sige of about 4 em. im diemetar, tiesus and serin 
Sldelese was determined on normal and tumor-hearing rats. 


é 
Mice Findiags: A. Female rate had lower imefdence of tumors 
than males. A paper besed on theese findings has been published. Studies 
on gonadectomiged, adrenalectomized, and hormone treated rate ers still 
im progress and no findings are yet avaliable ca then. 
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Fart A (continued) 


B. Serum e@idolese values of sarcoma and hepatoma bearing rats 
were respectively 3 and 8 times the values for normal vate without tunors. 
Aldolase levels for liver tiseue ef tumor-bearing vate were about 352 
lewer thas theas for the liver eiesue of scentrol rete. A parer based 
em thess findings hes been published. 


Slant ficancs: Bae studies help te define eavirommants!? 
eencitierss which influense the grewth of these tumors and the changes 
gumere iuduce im their any vironment. 

Erepores ed ‘Courses: Whe differences between male and “erste 


anial, whieh might Be reepousible for differences im tumor growth between 
the Seues are ameceat ly umise study. 
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Pert A. 


Baa i, Project Title: Effect of the Grovth of Adrenocerties] Carcinoma on 
Bein the Ghemistry and Payelolegy of the Host Ret. 


Peincipai Imvestigater: Ambadas S$. Muley 
: e 

oe Other Iavestigater: Edward &. Price 

: pecoperating Gales 2 


j 

ss Man Yeexa (eslendar year 1959): 
1 Total: 1 . 

less Peofessiorsl: 1/3 
ther: 2/3 
; 


 Beojeet Deseriptioans 



















ie Oblectives: fo characterige the stereids secreted by this tuner 
_seing host Fat a8 a biologics! tese animal. 


Metheds: Tseusplanting the adrenocortical carcinoma in male and 
female rats, 8, antact end edrenelectomiszed. Running potassium tolerance 
tests auc glycogen deposition teste on adrenaleetomisced rats with and 

without tumors. Sedium and potassium atudies on sate with and without 

¢umors, intect and adrenalectomised. Other eliniesi chemistry atudles 
on these animeis. 


Bag Major Findings: Potassium tolerance teste show that this tumor 
searetes mineraloesrticolds. A paper besed ou these findings has bean 
submitted for publication, Results of ¢elinies] chemistry and physicslogy 
study ware reported lest year. Sodium and potassium study indicate 
_mineralecorticoid secretion by the tumor. A peper based om these findings 
is im preparation. Preliminary results on glytegen deposition ceste 
indicste that this tamer secretes Little, if any, glueccortleoide. 


e Significance: Theee findings im part, define the stereidal 
eharacteristies of thig tumor. Fallure to syatheslge certain eterside by 
this tumor invites an inquiry about facters responsible for this faliure> 


a Proposed Course: Tests for giuescorticoié secretion by cais 
tumor are selil under study. Metebolism experiments are being plaunacd te 
investigate factors. which bleck syathests of certain stercids by the tumor 
 tigsue. 
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: Part 1M 


ey 


oh pec ricle: Studieg on the Induction of Multiple Tumors in Certain 
is tea Menmals with Stewart-Eddy Polyoma Virue-tissue Culture 
isles tae Prepsrations 
Oi reiacinal Investigator: Mearl F. Stanton 


eae Other Investigators; Robert Blackwell, Sarah Stewart, Bernice Eddy £D8S), 
; Joseph Albrecht and etaff 


| Cooperating Units: DBS, Leboratery of Biclogy, NCI 


Men Years (calendar year 1959): 
. Botale 1/2 
‘“Profeasional: 1/4 
Gthere 1:4 
Project Neseriptions 
a Cb jectives: this is a continuation of projects outiined iz 
‘Tadividual Project Report HCI 516, 1957. 


Us jor Findings: Summaries of major findings in cooperation with 
“other investigators will be found in their reports. In addition, separate 
investigations of heet fseters involved in induction by thie leboratery 
have esteblished the following: (1) In colleberation with Dra. Kahler and 
Stewart an analysis of tumor ineidence has been meade in mice inoculated by 
limiting dilutions of the virue culture preparations that were subjected fo 
differential high speed centrifugation. All fractions induced tumors 
aithough most of the activity could be sedimented at a particle size 
consistent with that of the virus. The variety ef tumors did not vary 
significantly in the different fractions end ne significant incidence of 
leukemia was observed. The limiting dilution and fractionation allowed 
an analysis of tumozs that follow minimal doses after long-term etudy. 
Many non-specific iesions particularly in the kidaeys and salivary glands 
of older mice indicated either abortive attempts at cell proliferation cr 
fFegression of minimal lesions. Older mice elso had a significant number. 
of tumors particularly bone tumers that showed clear evidence of acquiring 
ebaracteristica of invasion and metastases. 


(2) The transplantable hamster tumors referred to in BCE 31671259) 
have continued in transplant. Serological attewpte to detect antibody 
in grafted hamsters have been made on a limited basis. Thus far signifik 
HAL antibody has not been detected im the grafted animals. Present studies 
are being carried out on grafted newborn hamsters. Much of the vork with 
grafted tumors is directed toward determining whet influence host factors 
may have on the behavior of grafted tumore and induced tumors. ‘Two syst« 
aze ured: (@) varying host factors (age, sex, carcinogen exposure, mut 

exposure, etc.) in animals grafted with tumor lines of known behavior: (b' 
pansies tre tumors of varying type and behavior on alogle tissues exposed 
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te. Rie frus-cultuces and inp Lented inte the eheak pouch of weanling hamsters. 


{3} A eritical analysis of the tumors in mice has been published 
{Reference 1}. Oviginal observations iz this atudy include conclusive ~ 
suppore for theory that the active agent is a virus and relation of tumor 
development to availability of passively transferred antibody. 


aa Significance: The polyoma vixus-tumors serve as exceptional — 
experimental tocis. The wide range of species that respond end convenieace 
-in working with somali esdents is an advantage over all other virus tumeors. 
Secondly there le the advantage over chemically induced tumors both in the 
shore latent period and opportunity of following the progress and behavior 
of the tumors in relation to virus as detected by new virologicai and 
moxpholegiecal tecimiques including fluorescence antibedy techniques. Much 

of our more recent activities center on perfecting the fluorescence technlaus. 
‘Finaliy there is good evidence to indicate that induction and progression 
proceed in a glow step-wise fashion which may allow separate study of the 

two moat important attributes ef tumors namely cell proliferation and 

the eequisition of agressive behavior patterns by the proliferating cells. 


3 Proposed Course: The development of a simple basic system for 

tissue sulture preparation enabling this laboratory te carry out experimants 

_ on kost factors with e single standard line of virus culture preparations. 

Development of flucreseent antibody techniquss for the detection of polyoms 

wirus antigen. Preparation of a report on che histegenesis of tumors which 
develop ia the hamster. 


| Part B. included: Yes 
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Experiments] Imduction of Adenocarcinoma of the 


Glandular Skene in the Mouse 


Principal Investigates; 


Otaer Investigators: 


Cooperating Units: 


Men Years (calendar year 1959): 


Total: 1/2 
Professional: 1/2 
Other: 


Project Deseriptions 


Raward B. Price, Jr. 


Objectives: The experimental induction of adenocarcinoma of the 


Methods: Routine 


glandular stomach of C57BL mice by intramural injection of methylcholenthrene ~ 
hes been reported by Stewart and Lorens in 1942 and by Hare et al in 1952. 
However, the overall yleid of tumors produced by this method wag email. 

it vas decided to attempt the same procedure im cortisonized mice to 
determine if the yield of tumore obtained would be greece: than thet with 
_methyleholanthrene alone. — 


Major Findings: The project is not as yet completed, but the 


' findings te date suggest that certisone has not enhanced the yield of 
_methylcholenthrene induced tumors sf the glanduier stomach ia mice. 


Significance: Studies of the geneeis of carcinoma of the eect, 


would be greatly enhanced if a method could be gevised for the experiments 
_ induction of that lesion, 


Proposed Covrse: Thies study has been delayed by the completio 


_of the collaborative projects listed below. 
the project. 
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Qther projects in collaboration with others: 


q. 


Transplantable thicuracil-induced thyroid tumors in the 
vat with De. Seymour Wollman. Report submitted to br. 


Wollmen om October 15, 1959. 


Trenaplanteble adrenal cortical carcinoma in the rat with 
De. A. S. Mulay. Report submitted to Dr. Mulay on July i5, 
1959. j 


Pathologic findings in the human kidney in patients with 
acute leukemia with Bre. E. Frei and BR. Frits. Report 


submitted to Bre. Frei on June 15, 1959. 


She fate of intravenously injected malemoma cells in the 
lung and the relationship to the effectiveness of chemotherapy 
hn experimental study with Dre. D. L. Kimsey and R. R. Smith. 
Report submitted to Dr. Kinsey May 36, 1959. 















Part B. tacluded: Yes 
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p - . ‘ Pro Jeet @igle: Gartiessterold Metabolism of en Adreszceortical 
i Adencesreinoms of Est. 





: | ‘Principal Investigator: Ambades $. Mmulay 
Gthar Investigstercs: 
- Gecpersting Unite: 


Mon Years ,(aalentar year 1959): 


Perel s i 
Frofessionsi: 1/3 
Other: 2/3 


. Pes ject Bester iptress 


ig Gsiestives: To extract, mete, igolate, and identity ; 
a peor scoutarcids eeereted by the fuser sad those excreated in tha urine 
ef pumorebesr ing rece, ~ 


Methods:  Geewing the Bionieercies in vats, and harvestiag 
and peecerving the tumor tissue, Collecting urimes from tumor-bearing 
 +88ts, using mateboliom cages. Extraction of homogenised tumor tleaue 
wit ethenol and separating the extracee from solid reaidue. Seperation 
of lipids from the extract by freeslag end salting cut techniques. 
Eveporation of athancl im vacue at low temperature and extraction of the 
 +aguecus gesidve with ethyl acetate, purification ef the extract end 
senoving ethyl ecetate in vacuc. Steroilé residue thua prepered, solumi 
ehromitegrapked inte 5 fractions on ae aluminum sliiieate colimm. These 
_ +Gerticestarold fractione were chrometegraphed on paper with various 
 selvant ¢ystema, paper stripe developed to lecate steroid apsts, tha 
+ gpets eluted and rechrematographed with different solvent systems. 
_ Steroid spots en the chrometegraphs were yieuclisead GB ul¢vavieles Licks 
_ end with varicus chemicel egents, 


q Hajoz Findings: Frelininary results shew indieations of 

2 eteroide eleze to etiocholenolone, androstenedione, projesterone, hydérouy~ 
| testesterone, and a large epet of highly polar eteroid, more polar than 
 Reichstein’s E- the mest polar standard weed. 
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Pert 4& (eostinued> 


Signifiesnes: Wdentifiertion of the eteroids sacreted by this 
tumer aay show us a8 to where the steroid astshbsliem of the tumor differs 
Evem that of the nermel ee giand, Tis in turn may lead to factore 
thas ce these chaz ; 





a 


Peepeced Couses: Ratraction of more tumor and tractionatica 
_ Gf the stereids, to sellest exough material in each Eraction, te chares- 
 terige and identify the stereid cempeund. 


Part B included: fo es 
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Peeject Titles Morphologie Study of the Effeete of Radiation 
Pretective Comounds 


Principal Investigaters: Reger W. O"Gera and Margaret G. Kelly 
Gther Imvestigater: Jeanne Eelleroft 


Gesperating Gaits: General Medicine Branch, NOZ 
Zadiation Branch, gE 


Man Yeare (ealender year 1339)! 


fcrals 3/4 
Professicnsl: 1/% 
Other: 2/2 


Project Beseriptien: 


Obisctives; Yo determine, if possible, the moda of actioa of 
reciation protective substances on the toxie changes preduced by = and 
ether gaciomimetic ehemicsgia. 


| Metheds: Auteradiograpke of tiesue from mice given 635 sad ¢i* 
labeled AR? vere used to estimate tissue distribution ef AZT. 


Majer Findings: 1} Autoradiograghe of tissue blecks show 
leesliagation of S-3 RET in liver, gut, bene uarrew, red pulp ef the asicen, 
end in the proximal convoluted tubules and pepillae of the kidney. 
Coucenteation of $75 ABT ie low in lymphoid tlesue (lymph acdes, chywus 
gland and follicles of the spleen}. I¢ is alsa lov in gkeletal misele. 
treaspliauted tuzors (primary and metastatic), skin, end brain. 2) Only 

@, fey aatisfactery microasutorcadlographs heve been obtsined to date, but 

they appesr to substantiate the observations Listed above and suggest 

thet the intracellular distribution is chiefly te the cyteplasm. Im the 

red pulp of the spleen, the labeled ABT eppeara to be extracellular cather 
than asscciated with any particular ecil. The brain contains very 1ittie 
Fadioactivity, but wkat ie there appears to be concentrated eabsut tke 

larger neurons. 3) Auteradicgrephs ef tissue bloeks from mice given 
cléciabeled 427 geve an identical pleture to that obteined with s-- “laholed 
AET. In contrast, auterédicgrephs of normal and tumor-bearing mice killed 

30 minutes after administration of $75 and c+ labeled thiourea and $5 
 iebeled scdium sulfate show a low but uniform distribution of vradicsctivity 
throughout the bedy tissues. 
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Fart A feontiaued) 
Significanse: it may help explain the varietion in the effective 
mess of AET in different species ef animels, e.g., between the dog snd the 
MOUSE. ; 
Propesed Course: i) To study the morphologic actions of other 
'vadlation protective substances as they become available. 2} To study 
the comparative tissue distribution in dege and rodents. 


re 
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ods 3 Continuove cultuces of Agiueinias’ or lymphomas ave 
eae PdceersBed te eee tous aia) Wane 1958). Fhe 


Major Fiadi: Findings: — i Petes lum sell garcoma £329. Little 
line 


_ terms of positive findings has been made with this be 
the 1958 seport. Several eublines that hed be 
es be ; » year & were lost ‘through accident, interrupt ey 
tudy on effect fa Lternate BLSSETS through cultures and mice. 
eee e line has been maintained, however, ahd several | 
e host culture lines are bei ing esrried im meuse ee 
aca eee grey in mice inoc calacee is aque oF 


i es transfer “virulence” to the avirule me Rave 
been uncuccessfal. Gwe approaches were used, a8 follows; (1 Filtrates 


exude extrac ts from short-term culterss of the viruler 


8 Som 


9 line wet e added te culiuwes of the avirulent Liz 
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these cultures were injected IP into compatible mice. No tumors appeared, 
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2} A spontaneous histiocytic necplaem very similar to the original P329 
neoplasm was encountered in an old BALB/e = DBA/2 mouse, Since P329 had 
arisen in a DBA/2 mouse this sitvation provided us with « virulent, cytelo~ 
gicelily identicsi tumor, differing from P2329 im its F, genetic constitution 
(aad associated histo-compatibility sharecters) as eae ag in viruleace. Ts 
test the poseibility that a “virulence factor" might be trensferred direatiy 
from cell to cell by contact, mixed population cultures were prepared by 
adding cells of the virulent Fy tumer to cultures of the avirulent P329. 
After 2 week of contact in these mixed cultures, the mixed populations 

were inject IP into DBA/2 and /BalB/e x ppa/2/e, hybrids, Tumors grew in 
end killed the F,; hosts, but no tumors appeared in the DBA/2 hosts, 
indicating that 2 “virulence factor” either had not been transferred or that, 
if it had been transferred, the Fy, Bisto-comatibility antigens were Linked 
to it, preventing transplantation to the parent strain. Frem this it could 
aise be concluded thet if an “avirulence factor" had been transferred, i1¢ 


hed mot been trensferred to all of the virulent cells, 


B. P388. Tells from this lymphoid neoplasm have been carried 
in culture for over three years. Three separate isolations are being 
earried and each of these Lines shows a characteristic cell morpholos 
although the similarities within the group are greater then the diffe 
Ali of these lines shew marked morphologic and biologic alterations tha 
were described in last year’s report. Im addition, studies by time-lapse 
einematogsaphy are being made. These show that the manner of locomot 
the altered tisaue eulture celis is not similer te that of lymphoid esi 
but, like their cytologic features in fixed preparations, is more similar 
fe movement of macrophages im culture. 
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Dre Robert Roose of the Leukemia Study Section has used P388D) 
cells to study development of drug resistance in vitro. He has submitted 
tumors, derived from cultures resistant to several antieleukemic drugs, 
for histologic study. AG present it appears thet tumors derived from celis 
resistant to 5-fluorouridine can be distinguished from tumors derived from 


other £388; culture sublines. ‘his point needs further study to 


 establiigh more ebjectively what the special features of the 5-fivorcuridine 


resistant cells are in terms of physical or Histochemical qualities. 







©, PGi5. Active studies of this culture cell line, derived fros 
mast cell tumor F815, have been discontinued, although a few eultures 2 
still maintained. The cultures no lenger contain eny cells identifiable as 
derivativas of mast cells, and eultures inoculated into mice fail to 
produce tumors. The ceils thet continve in culture resemble fibroblasts. 
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Part A teestinued) 


= Significance: The change la morphology and the complete or 
partial loss of virulence ef the above neoplasms during propagation in vitro 
seems likely toe be of fundamentel importance, perhaps comparable to the 
logs of virulence of pathogenic bacteria and viruses when cultivated in 
vitro. The shenomenon way well be similesr te that originally described 

by by Sanford for high and Low tumereproducing lines developing from normal 
mouse fibroblasts in vitro. tt perhaps bas somewhst different meaning 

then the phenomenon m opserved in Sanford's system, inesmuich as in our 
experiments the neoplastic cells had already possessed tumor-preducing 
qualities pefere being placed fm culture. If the mechenism by which lcss 
ef virulence ceeaure could be determined, it is conceivable (zemotely) 

thet the Sra could be induced in vivo, thus increasing survival of tumore 
beariag animals. Ga the other kend, ia the analogous bacteriel systens, 
methods have never been found far decreasing virulence im vivo, though 
trensiee of DHA hag been shown to confer increased virulence on previous iy 
avirulent strains ia vitro. 


Propored Course: The negative results in all attempts to restore 
virulence to $329 calle have frankly been discouraging, although ali the 
avenues of approach have not been closed. For example: (1) transfer of 
purified DNA extrects from virulent cells to avirulent ones has not been 
attempted. {2} Trensfer of avirulent cells within millipere chasbers, 
Ecollowed by release ef the cells into the game host animal might provide 
advantases for successful transplentation. {3) Transduction of a 
theoretical virulence factor by means of a virus could be attempted, 
particularly es the B329 line has been shown to be susceptible to infection 
by polyoma virus. However, experiments elong these lines have been and 
still are being deferred in order to pursue intensively other projects 
coneerning intercellular relationships in tissues infected with polyoma 
virus ia vitee. 
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dzle: Tissue Culture Studies Investigating the Mechanisn 


of Fumer Induction by Parotid Tumor Agent (Polyome 
' Virus} 
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Principal Envestigater: Clyde J. Bawe 


Gther Invegtigeazors: L. W. Law 
Gosperating Units: 


Man Years (calendar year 1959}; 
foal; 1 1/2 
Professionsi: i 
Other: 1/2 


Pro jeet Descriptions 


Chiectives: This preject is an extension of Project S2la described 
im Che 1958 veport. The investigation of psrotid tumor agent iu leukemic 


by the agent on newborn mouse salivary glands in vitro are in prese. The 
objectives of this preject are to determine the influence of several host 
factors om the development of the twe basic types of response to the virus 
in vitro; namely, the cytolytic and the proliferative responses. The 
hest facters presently being investigated ares; chronologic age, apecics 
differences, immmologic state with respect to polyoma virus infection, 
stage of cellular differentiation at time of infection, and spéeifie 
influence of mesenchymal elements on the development of the different types 
of response by epithelium. 


Methods: The investigation employs beth the gelatin sponge matrix 
method of tisaue culture deseribed tn publication (2) below, and the 
salivary gland rudiment culture techniques first deseribed by Barzhere and 
later modified by Grobstein. Submaxillery gland tissue or submaxillary 
fudiments at various stages ef development are cultivated on plesms clot 
adjacent te geletin sponge. In the case of adult submaxillery giand, it 
is necessary to replace the sponges after 7-10 daya of culture because 
during that period adult glands secrete a protease that digests the original 


geletin sponge. 
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Part A (contiaued) 





To study daflecabae of state of cellular differentiation and of 

morphogenetic evocators on the type of response to virus, submaxillary gland 
vudiments are cultured with and without virus, at various stages of develop= 
ment renging from the earliest single-bud anlage to stages of atienomere formation 
and functional seinar development. To study the effects of virus on the : 
epithelial or meeenchyms!] rudiments alone, these components are first 
separated from one another by the trypinigation technique of Grobstsin. 
Coupled with recombination experiments, this approach makes possible the 


: analysis of intercellular relationships and their influence on the 


: 


 vesule of virsl infection. 


Majer Findings: Increasing chronclogie age beyond the newborn 
period does not diminish the proliferative response of submaxillery giand 
to parctid tumor agent in vitro. Precise quantitation in this system is 
diffiewlt, but estimations are that the proliferative response is more 
pronounced im adult glends then in glands of newborne, in vitro. Certain 
quailéstive differences have been noted also, which will not be described 
here. No significant difference has been noted between adult mele and 
adult female response. Glands from mice at 4, 6, and 20 weeks and at 15 
tronths of age give epproximately similar response. 


In the opposite direction our observations are incomplete, but 
iudieste thus far that there is little or no proliferative response by the 
epithelial elements in glands im the earliest stages of morphogenesis, felis 
of the epithelial ag well as of the mesenchymal portions of the rudiemtnsa 
are infected, however, as indicated by typical nuclear lesions and necrosis. 
fhe cytolytic phenomenon appears to be about as marked in the rudimental 
mesenchyme es in the adult mesenchyme, but the epithelial response is 
predominsatly, if not entirely, cytolytic in the embryonic rudiments, whereas 
it is chiefly proliferative in epithelium of adult glands in vitro. Result 
with separated epithaliel and mesenchymal components of rudiments are 20 
yet at hand. 


A Single experiment testing the response of submaxillary gland 
fvom & liemonth-old mouse, "naturally" infected by parotid tumor egent end 
having a high HI serum titer, hes been carried out. The proliferative 
vesponse at 30 days was just es marked as in adult gland from non-immm/ 
mice, Further, the uninfected control eultures showed no response to 3 
at sll, indicating that latent virus was not preseat or not effective in the 
ugual wemner, even though added virus was able to act. 






Studies of differences of species response have not been completed. 
it hag been found, however, that parotid, eubmexillary, thyroid, and thymus 
gland tissue from two human fetuses did uct respond in elther a cytolytis 
er proliferative manner. Studies with vat and hamster salivary glands are 
under wey. 
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Part A (sentinued> 


Zt is important to the interpretation of the above findings to 
Becereain the biologic meaning of the morghclogie changes observed in 
cultures infected with the virus. iImitisi attempts te transplant the 
altered auléwres to mice resulted im development of virus-induced tumoes 
in the X-irradiated adult recipients, but aot in the growth of tumors 

: Seon the transplanted celis. 


Renewed attempts to graft the cultures are under way. Glands 

from adult mice have been removed surgically, infected and cultured for 

39 days, and then returned ts the original donors, as well as to isologous 
hosts. Im seme cases they have been placed under the capsule of the 
rengining submaxillary gland. Cultures heve been transplanted to immunized 
and nonefmmmised adults, as well as to newborn mice. Growth of tumors at 

the sites of transplant has not yet been observed after periods ran ite 
upward from six weeks. 


eigaiftesace: Beceuse of the failure of altered cultures to 
grow inte tumors when transferred to mice, the changes in vitre cannot 

&t present be accepted as fully equivalentite tumor genesis ina vivo. However, 
it must algo be recogniged thet the transplantability characteristics of 
comparably smsil end early tumors induced in vivo is mot known. It is 
known that even large salivary gland tumors 6 succeed in becoming established 
in new hosts in mech less than 100% of the attempts. Viruseinduced thymic 
tumors grow only rarely on transplantation. [It is our tentative assumption 
that the proliferative and merphologic changes in cultures are in fact 
equivalent to the esriy changee in vivo at a stege where continued growth 
is still highly dependent on hoat influences. 


Tf this assumption can be verified then it is apparent that the 
findings described ebove offer a challenge to the concept that either 
early chronalogis age (meaning 7) or relatively undifferentiated state 
favor tumor induction by this egent. On the contrary, it appears that the 
newborn mouse is paculiariy susceptible to the tumoreinducing effects of 
the agent because it is precisely at this age that two necessary conditicns 
overlap in time; namely, (1) susceptibility to infection by virtue of 
incompletely developed immms response, and (2) capability for proliferstive 
response by virtue of relatively, though not completely advanced state of 
morphogenesis and/or differeatiation. This conclusion ig supported by our 
| previous observations that the apparent ¢efractorinese of adult eaimais 
could be broken down by (1) introduction of a massive dose of virus ehe 
route; and (2) by impairing the immune response by irradiation pricr 
virus inoculstion. 
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Past A (continued) 


Theve is @ practical value im these observations with regard to 


geaveh for viral fuscr agents in humens. Ef ansiegous agents exist in 


humans, iz would appear that cultures of adult tissue would provide more 
favorable test systems them cultures ef newbora or fetal tissues, Also, 
the stete of immmnity of the donor of the tissue to be infected in culture 
could be disregarded, as this would net affect the respense (assuming use 
of non-immune sera from beterolegous souxeas im the culture mediums). 

These two consideratiens sheuld facilitate the use of this system as a 
model for detection of tumereinducing viruses. 


Two hypotheses as ce the intercellular and celievirus relaticaship 


concerned in tuwer induction by thie virus are under consideration ag 
y 


follows: 1) Three-fecter, or deuble dependence theory. The proliferative 
response of salivary glend epithelium to infeetien by the agent is dependent 


en the prier establishment of a certain level of differentiation in the 


infeeted cell. This level of differentiation in turn is dependent (as 


Sheen by ewbryolegic studies) upon specifie interreletionships between the 


epithelial cells and the supporting mesenchyme. If this laterrelationshis 
hes aot been achieved (in exbryegenesis) or has been interrupted (separation 
of epithelium from atrema ia preperation of moncleyer cultures), the pro= 
liferetive response is supplented by a eytelytic ome. The specificity of 
susceptibility and of response of certain organs and cells to the agent may 
thus be based on @ competitive relationship between cell and virus for the 
eomplex meteriagis (NP 7} by which the mesenchymal supporting cells normally 
eentrol differentiation and function. 


&ecording to this concept, a third element, the mesenchymal 


{ supporting eell, must be taken into consideration in the study of virus-celi 


SS 





relationships in tumor genegig. Tumor development would be dependent not 
only en the presemee and action of virus in the tumor celle, but. alse on 
the meiatenance, at least for a period during the evolution of the tumor, . 
of the dependent relstionship of the infected cell with a properly 


_f£unctioning mesenchymal supporting cell. This concept if double dependence 


would give the mesenchymal ceil the role of maintaining the “balance” 
between virus and host cell which many virologists keve believed essential 
for development of vieus tumors. When the supportive cell is removed from 
the picture, the infeeted cell is no longer able te compete and the virus 
multiplies and destroys the cell. 


2 This concept is consistent with the cbservation of unsuccessful 


transplantation of tissue cultures and tumors. We have noted that the 


mesenchymal cells in cur tissue cultures hud undergone very nearly completes 
necrosis at the time transpleatetion wes attempted. Hence, it would follow 
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Part A (continued) : 


¢het the epithelial cells, theugh started slong a proliferative pathway 
would eventually guceumb to virai effects because the system had been 


deprived cf the third influence. This would also explain the failure 
of growth of the shewere of embolic pulmenery metastases that eccur from 


the salivary tumors. 


, Eke sbheve concept could accaumt for a favorable influense of 
yirel antibody on tumor growth, once imitiated. As the mesenchymal celis 
have been shown to be lethelly responsive to virus infection, their 
protection by some mesns would be necessary to maintain them in their 
supportive funetien. Here again, the time of development of antibody 
response in the mouse happens to be ideal for provision of this pretection. 
to the mesenchyme. 


23 Bvo-factor, dose-response therapy. 4 reconstruction of the 
chain of events according te this cancsept rung as follows; The first atep 
in virel infection involves the mesenchymal ecelis in contact with eplzhelium. 
In the absence of antibody, virus multiplies in these cells and eventually 


produces cytolysis, with local release of immensely increased, concent secre 


ef virus. In the adult gland, this high virus concentration infects th 


+ differentiated epithelium, resulting in a proliferative reaction, her ces 


in poorly differentisted embryonie epithelium it produces only eytolysis, 
because the undifferentiated epithelium is more "senaitive." If this 


_ concep’ were correct, it should be pessible te induce proliferative effects 


a 


in eubryonic epithelium By using a lower virus dose. This is diffileult ts 
achieve in a complete organ, since virus booets its concentration by 
replicating in tke mesenchymal cells. Yirug dese could be controlled 
only in a pure epithelial system. 


te will be noted that even this concept requires some explenstion 
for the difference tn reaction of embryonic epithelium ae compared with 
adult epithelium, assuming that the dese level to which they are exposed 
in organ cultures is the same. This theory is eantithetie to the first in 
that its premise ila thet lees well-differentiated epitheliem ia msre 
susceptible to either the cytolytic effeet or the proliferative effect of 
virus, the type of response depending only on the initial dogs. The firs 
theory holds that exbryonic and adult epithelium veSpond differently to 
‘the same dose ef virus because of influences of a third factor, the 
eontrolling mesenchyme. 


Proposed Course: The prejects below have been eeleated for 
future inmvestigatiens chiefly on the basis that they will be of value ia 
determining the validity of one or the other of the ebeve concepts of tumor 
genesis. 
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1. The studies of differences of species response in vitrs 
will be continued at least until the hamster and ret heve been included. 
Extension fo otner animals will depend om results with these two. We are 
essecially interested ia obtaining infermation as to whether s proliferative 
Fegponse in a given species coer eee with the ability of the salivary 
gland mesenchyme of thet species te promete morphogenesis and differentiation 
of salivary gland epithelium of the mouse. 


2. Investigation will be continued on the effect in vitro of 
the virus on the separated submaxillary rudiments of the mouse. If the 
first concept is correct, the virus ghould preduce elther necrosis or ne 
effect at all on elther isoleted capsuler mesenchyme cr isolated epithelial 
rudiment. if proliferation scccurs in iselated epithelial rudiment, the 
first concept will have lost much of its support. 


3. f€ is roped to be able to study the effect of viral entibody 
on the proiiferative phenomenon in vitro. This can be done by repeating 
the experiment es originally carried cut, but adding eatibody to the medium 
et various time intervals after infection. This experiment will require 
removal of antionouse antibedy from the antibedy preparation. 


& Centinued attempts will be made to find a way to achieve 
transplentation of the converted cultures to mice. Fossibly the addition 
of antibody to cultures efter the initiation of the morphologic change but 

prior to transplantation would be helpful, Another pogsible tactic would 
be to erow the cultures in millipore chembera in the mouse before removing 
them and- placing im eontact with best tissue. A aueccessful result could 
be interpreted te indieate an influence of foc oeaue gerum environment 
during the conversion process. 


5. As a double check on the presentlychelé view that a relatively 

advanced state of differentiation of the epithelium actusily favors the 
proliferative type of response, cultures not exposed to virus will be 

carried for 30 days or more, after waich time virus will be added and the 

resulte observed. Aithough the epithelium survives well for 30 dsys, by this 
time it has lost much of its differentiated character, and theoretically 

should give 2 less promounsed proliferative response then fully diiferentiated 
adult glands. 
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2 3 ; 


Publiceticnus sther than abstracts from thie project: 


ve 


Dawe, €. 3., Law, L. W., and Dunn, Tf. B. 

Studies of parotid-tumor agent in cultures of leukemic tissues 
sf mice. 

3. Hast. Cancer Inst. 23: 717-797, 1959. 


Dawe, C. J., and Law, Eid: 


Morphologic chenges in salivary-gland tissue of the newborn 
mouse exposed to parotid-tumor agent in vitro. 
3. Nat. Cancer Inst. 23: 1157-1177, 1959. 


nfield, W. G., Bawe, C. J., end Brindley, Darlene C. 
Bree nic and extracellular particles in tissue culture 
inoculated with parctidetumor agent (polyoma virus}. 

J. Hat. Cancer Inst. 23: 11231135, 1959. 


Law, L. W., Dawe, C. J., Rowe, W. P., and Hartley, J. W. 
Antibody status of mice and response cf their iltters to 
paretid-tumer virus (polyoms virua). 

Nature, 184: 1420, 1959. 
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Part A. 


Project Title: Studies on the Induction and Natural Bistory of 
Conjunctival Carcinoma in Hereford Cattle 


Principal investigatcr: Mearl F. Stanton 


Other Iavestigeters: Rebert Zeigel, Robert Maneker, Ray Bryan, 
y ‘ @. Ns Gey. ‘ 


Cooperating Units: Laboratory Aids Branch, Division of Research 
Services, Laboratory of Biology, NCI 


Wen Years (calendar year 1959); 
Total: 1/2 
Professionar> 1/4 
Others 1/4 


Prejest Description: 
Gbiectives: To determine the fate of certain proliferative 
epithelie? lesions on the eyes of cattle and to attempt by artificial meens 
to induse cercinera im cattle with the products of the tumors which occur 
naturally. 


Methkede: Viable tumor tissue and cell free extrects of conjuctival 
earcinemas of hereford cattle, prepared by concentration techniques 
succesefully eatablished for Rous sarcoma virus, have been inoculated into 
the conjunctivas end uddera of hereford cattle. Sotk young uneffected 
@nimils and animais with conjunctival careinoms have been used as recipients 
of the incculs. Br. BR. Zéigel does electren microscopy on biopsied tumere. . 


Usior Findings: A herd of 500 cattle in Eastern Maryland has 
been studied, Ten to 20% of the herd has eye tumors. Systematic follow up 
of progressing lesions with phetographs is in progress. Biopsied material 
has been used fer electron microscopy and tissue culture study as well as 
inoeuletion. The conjunctiva of 4 cattle have beam imoculated with tumor 
extracts or culture materisl. Thus far we have uncovered no evidence ofhar 
than epidemisclogieal evidence that this tumor is etiologicaily related to 
micro-erganisms,. However, further work is in progress through morphological 
studies by Dr. Seigel and tissue culture studies by Dr. Menaker. 


ee a ee 


Significance: This is an umjueetionably malignant epithelial 
tumor which hes its counterpart in man, and follows the natural histery of 
human epidermeid carcinoma. The high incidence of such a lesion in = herd 
of esttle suggests 4 common etiological facter net as yet apparent. A most 
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Pert A {continued} 
ikely possibility ie that the initial verrucous lesion is induced by 
meecteberne viruses. Subsequent progression te malignancy may be a 
art of or separate from the initiating process. The cow serves as an 
excellent eniwal in which te study this preblem, of added significance 
ia the possibility of uncovering means of preventing the disease in cattle, 
a sericus economic hagard in present day animal husbandry. 
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Frovesed Course: ff aeems likely that the preeursor to the 
malignant legion is the hynerkeratotie verruceus wart noted in mgny of 
the Virginia cattle. We shall attempt to cellect, recover, and induce 
typical lesiens with such material as well as with concentrated produsts 
o£ ths malignant lesicn. 
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Individual Prefect Report 
GSalendar Year 1959 


Part A. 


4 
Peeject Title: Eifects of Toniging Radiation with Emphasis on 
Morphologic Alterations and Neoplasms 


- Beincigs! fnvestigator: Richard L. Swarm 
ther Investigatora: 
Cooperating Unites 
Men Years {calendar year 1959); 
Totals 1 1/3 , 
Prefsssional: 1/3 
Other: I 
Project Bescriptien: 
Gbjectives: The colleetion of informetion regerding the changes 
effected by leniging vadiatien of different types in man and experimental 


animale. 


Methods: 1) Detection and study of neoplasms and other morphologic 


4 changes ln experimental animaie who have received external radiation or 


: 


internally edministered radioactive isotopes. 


2} A study of the distribution, metabolism and effects of radice 
active isotepes of several types im man and animals. Here the emphasis is 
on the utilization of gross end aorenelegss autoradlogrephic techniques in 
the study of thorium dioxide, $35 and 1131 labeled materials. . 


3) Partielpation in the activities of the Pathologic Anstomy 
Department. Special emphasis is made in che study of human specimens 


 demonstreting chenge due to irradietion or contsining radioactive isotopes. 


44 Lo facilitate the above and to assist other investigators, 
collaboration oa probicns isn this field is festered, Studies on the 
distribution of S~" in human tissues have been im collaboration with «clinical 
Studiee of Dr. J. Robert Andrews and others in the Radiation Branch, NCI. 


Major Findings: From the continuing study of the reported effecte 


of colleidal thorium diouide administered intravenously in man, the picture 


of focal searring of the liver emerges as a lesion which at times is 
described in esscciation with neoplasms, but is mere frequently the sole 
patholegic lesicn in man, Most of the snimele ard eertain of the huzen 
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part A (eentdnued) 


patients ee @alignuint veseular tumors following intravenous colloidal 
diexids bave little sr no focal scarring in the liver or spleen although 
scarring ae seen im regional nodes and subcutaneous tissue containing 
thoriua dioxide. Ia experimental animals scarring of the subcutaneous 
tiesues abeut exteavesated thorium depesite deea net appear to be ss 
extensive a2 the scarring im man. On the other band, tumors at the site 
Gf subcutaneous extravasation of therotrast ere more common in redents 
then humen patients. Isa view of these findings further study ef the ’ 
eorzvelatien of fibrosis and zeoplasia in the liver and epleen ef human patients 
with therectrest deposits is plenned. 


Work with the trencplantable vasenlar tumors of the liver and 
gsplean im miee has continued. Serial transplantation has resulted in some 
ineresse in the growth rate and morphologic changes. Preliminary morghologic 
etudies indleate thet the slower srowth rate is associated with well 
eifferentiated tumors which have gmail vascular structures. Fester growing 
tuners have celig present in more of an aggregate with less well defined 
vascular structures. A eareful study of the hematologic system is in progress 
in these enimals with vascular tumors. 


Study of rabbits with intravenously injected colloidal thorium 
dioxide has continued. During the past year two more animals have died with 


fiver saé apleean hemangioendstheliomas. These animals skowed no tibresis. 


The number cf rabbits on experiment have been smell but the follewing dete 
shows « definite trend. In 12 animals injected with thorotrast {let 220) 
3 aniwsis reeeived 2 injections of 3 ec. and 9 animals received a single 
injection of 3 ce. Of the 3 animals which received a total of 6 ce. one 
died without tumor after 19 months. The other two beth developed tumor at 


; 36-37 mwonthe. None of the animals given a single injection of 3 ce. developed 





tumor; however, ealy 4 of the 9 in this group lived longer than the 35 
months. {Six in the group died without tumor within 35 months after 


injection.) Of the 4 animale which lived 38 wonths or longer only one 


which is yet alive has lived 43 months. 


Thorotsest given intravencusly apparently tends te inerease the 


mumber of deaths from infection, ete, While this has net been en object of 


direct study, it hae plagued our experiments on carcinogenesis, particularly 
these in rats. An experiment started in OM/N rate with Dr. Bebe to study 
the effects of partial hepatectomy and splenectomy on the incidence of 
neoplasia has been virtually reduced to a pilot experiment by aumerous 
deaths primarily from pulmonery infection. Similar but less extensive 
difficulties were experienced with experiments with mice and rabbits. 


One patient with therotrast (02-14-58) was studied in the Clinical 
Center ‘during the past year. 
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Significance; With inereased exposure of man te radiation, it 

has become more and more important to establish the pathogenesia end 

 tharacter of irradiation injury and irradietion induced neoplasia so that 
injury leeding to neoplasia can be preverted if possible end so thet radiant 
energy c&n be used in the most satisfactory manner to detroy neoplasms. 


2 Preposed Course: 1) The activities outlined under Methods are 
to be esntinued. 


2} Im an effort to reduce the latent peried for neoplesia to 
develop, the administration of thorotrast to newborn rabbits and the use 
of litter mate controls receiving therotrast at a later age is planned. 


3} Close attention will be paid to the reports of others studying 
human patients with iatravencusly administered thorotrast. 
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Part A. 
Project Title: Pathologic Findings in Human Trophoblastic Disease. 
Principal Investigator; Edward Lb. Price, Jr. 
‘Other Investigators: 
Cooperating Units: 


Man Years (calender year 1959); 


Total: 1/2 
Professional; 1/2 
Other: 


Project Description: 


: Objectives: Despite the voluminous literature on the morphologic 
aspects of choriocarcinoma and related conditions, reports of well-studied 
series of large numbers of cases are rare. It is felt that the availability 
of a relatively large number of such cases, particularly an ample series of 
necropsies of choriocarcinoma, at the Clinical Center provides suitable 
material for a careful morphologic study of this group of conditions. 


Methods: Routine 


Mejor Findings: The project is still in the planning stage and 
there are no significant findings as yet. 


Significance: ‘The study may help to clarify some of the confusion 
which still exists about the morphologic aspects of this group of conditions. 


Proposed Course; Study of the clinical records, autopsy reports. 
and pathologic material available. 


Part DB included; Wo. 
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‘Part A. 
Project Title: Ghemical Carcinogenesis 
Principal Imvestigster: Merie L. Heseelback 
“Other fnvestigater: Roger W. O'Gara 
Cooperating Unites “HTAID 


_ Man Years (calendar year 1959): 
Total: 1/2 
Professional: L/4% 
| Others 1/4 
‘ 
; Project Deseripticn: 


. Ob jective 1} Po study the morphology of light green end 
fast green induced teas 23 To study the changes in mitechondria end 
in the intracellular glyceclytie and reapiratery eagyme systems laduced 
by these dyes. 


f 


Metheds: Bsats were injected subeutencougly 2-3 times weekly 
with fast green and light green dyes £3% and 6% equeeus solutions). 


ever 90% of animals by beth dyes when injected es a 3Z or 6Z solution in 
distilled weter. The first tumor arese 7 months after the start of 
injections im a fast green treated animal. The tumors spread readily by 
metesteses, implantation, end direct invasion and grew consistently on 
transplantation. 2%} The adrenal glands and gonads showed marked hyperemia 
and kypertrephy in eniwals bearing transplants of ene subline of tumors 
but not im animals bearing isplants of the other subline. These lesions 
'+‘@re similar to these thet have been reported in animals with hypexvolemic. 


, 
{ 
a 
‘ 
1 
a Mejor Findings: 1) Subcutaneous fibrosarcomas were induced ic 


Sigmifieznce: Should supply fundamental knowledge on the 


htt eons area 


relatienship between witechondria and neoplasia. 





Proposed Couxee: No further work is planned at the present tise 





| Fert 5 included: Yes 
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{ 
Prelect Title: Chemical Carcinogenesis 
Principal Investigator: Roger W. O'Gara 
Gthar Investigators: 
So Dalts: 
Msa Yesrs (salendar year 1989): 
Total: 1/2 - 
Professional; 1/4 
Othar: i/4 


Project Description: 


Objectives: fo study several popular cathartic compounds for 
possib! le carcinogenic properties, 


Methode: Using three different strains of mice, six different 


eathertics were administered either in the diet or by stomach tube for 


5-20 months. 


Ma jor Findings: In BAEB/c male mice living to one year or cider: 
9 of 25 control mice had lung tumors, one had a squamous cell carcineza — 


of the submaxillery gland, one had an interstitial cell tumor of the testis 


and one showed reticular cell hyperplasia of abdominal lymph nedes., Mice 
Yeceiving cascara, rheubart, castor oil, or phenophthealein respectively 

in their food {powdered Derwood pellets) had essentially the same incidence 
of tumors as the control animals, although there were minor variations. 


Three of the 12 animale receiving podophyllum in their diet developed | 
hepatoras, eight Showed either lymphoid tumors or marked reticulax ceil 


hyperplasia of liver, spleen and lymph nodes, two had benign polyps of the 


eecum cr colen, snd two bad lung tumors. Only 7 out of 14 animals receiving 


calomel survived beyong one year of age. Three cf these had lung tumors 


one had carcinoma of the bladder and marked retieular cell hyperplasia of 
liver, spleen, and lymph nedeg, and one had a hemangioma of the liver. 


C57BL wale mice fed eathartics by stomach tubé. for 15 months: 
26 control mice showed 2 hepatomas, 2 lymphoid neoplasms and no eee sti 
neoplesms. Nine mice fed calomel plus magnesium sulfate developed 1 hepsé 
1 lymphoid neoplasm, and 3 gastrointestinal neoplasms, Four uae 
gestrointestinal neoplasms were found in mice receiving the other cath 
somaking a total of 7 sastrointestinal neoplasms in 74 animals (4 were sm 
papillomas of the forestomach, 1 was a squamous cell carcinoma, and 2 ww 
adenomas of jejunum and cecum respectively. 
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: &/i8 mice: Hest of these died ef amyloidosis at a relatively 
@arly age (3-15 months) end not much useful information could be epee ined 


7 Siguificsace:; The results obtained especially with BALB mice 
suggest that pedephylium and perhsps also calomel may have weak carcinogen? 

properties. The Liver end the reticuleendothelial system seem to be the 
tissues most affected. 


' Proposed Course: Ko further work ig planned in the immediate 
future but the work with ealomel and podephyllum should be repeated using 
isxger groups of snimsis, asd perbaps different strains and species. Use 

ef C39 mise might being out any latent tendency toward production of 
hepatemis, and use of less highly inbred (general purpose) etreains might 
a@ecentuste any carcinogenic effect on other ergans. 
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Project Titles A Study ef the Fhysiopathologic Changes im the Tumor= 
bearing Eest and Temer Lesion 


 ¥rincipal Imvestigator: Richard A. Balmgren 
(Qther Investigators; 
Gooperating Unite: 


Man Yeers (calendar year 1959): 
fatale 2 1/3 
Professionals 1 
Other: 1.1/3 


Project Descriptions ; ; j 


a Objectives: i. fo study further the properties of the Live 
mitetie stirulent in tumors. 2. Te apply the fluorescent aerate tee chnigue 
_ to the study of the tumor virus, to autoimmune phenomenon, and the det 5 
of DNA. 3. Te evaluate hozt and cell factors in the metastasis of va 

_ mouse tumors. 4. To study the possible interrelationship of carcinese 

and virug induced neoplasms, 


Methods: 1. The supernatent fection of various tisaues heated 
at 80°C for 20 minutes were tajected subcutaneously into C3H mice. These 
animals were then challenged with several carcinogens and the tumor incidence 
_ and latent period noted. In addition some mice bearing C3HBA mammary tuwiors 
| Were treated with the heated supernatant from C3HBA mammary tumor. 


2. Antisera prepared in rabbits against 2388 tissue culture cells 
infested with the polyoma virus was tested by means of the fluorescent antibody 

_ technique cn P3883 tissue culture cells infected with the polyoma virus for 

+ antiviral antibody In an attempt to demonstrate the intracellular location 

of the virus antigen. Sections of salivary gland tumors were also examined 
after exposure to the sama fluorescein labeled antisera. 


Chicken and turkey anti-Rouse virus sera was labeled with fluoregseia 
isothiocyanate and tested on sections of Rous sarcoms in an effort to 
demonstrate the intracellular location sof the viral antigen. 





Serum from patients with Lupus Eythemetosis and other diseases 
were used in the indirect fluorescent antibody technique on sections, smears 
and tissue culture cells of varlous nozmal and neoplastic tissues of anim 
and human origin. Blocking tests were also conducted using serum from 
tumor-bearing animale and humans. 
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Part A (continued) 
oe 3. A number of spontaneous and transplanted mouse tumors have 

_ been trausplanted into various sites. The metastatic pattern and cell 

| characteri stics ere then being observed. The tumors being studied include 
_ spontaneous mewmary tumors, MCA induced sarcomas, transplantable maMMaLy 
tumors , @AaTComAs , estecgenic sarcoma and $91 melanoma. (In collaboretion 
with De. Elisabeth Chu, Bethe reese enetony NCI}. 


é 4, Miee injected with che polore virus and treated with 
_ methyicholanthrene and urethan ere being observed for tumor development. 
Cr colisboration with Dr. Clyde Bewe and Br. Lloyd Law.) 


Ma jor Flad ines: 1) (a) Injection cf the liver mitotic stimilating 
factor in the nucleeprotein rich heated supernatant of C3HBA menmary amor 
into mice bearing the mamuary tumor has resulted in inereased growth of the 

_ txanspiant over that observed in control C3HBA mammary tumor-bearing mice. 
 (b) Injection of the liver mitotie stimulating feetor in the heated 

_ +gupernetant from normal mouse Liver had ne effeet on the imeidence or late 

_ period of methyicholanthrene induced tumors. {c) Injection of the Liver 
mitotic stimulating factor in the heated supernatant from 4 transplanted 
mammary tumor had no effect on the imeidence or latent period of 

| methylcholanthrene induced tumors. (d) Injection cf the liver mitotic 
stimuisting facter in the heated supernatant from a transplanted Paty 

_ cholanthene induced sercown warkedly deereased the imcidence and inerezce 
the latent period of MGA induced sarcomas. (e) Injection cf the liver 
mitetic stimulating. factor in the heated supernatant from normal liver resulted 
in 8 decrease in the number of urethan treated mice having lung tumors and 

 &@ decrease in the number of tumors per mouse. (£) A similar decreage in 

_ the number of mice with urethan induced tumors end a decrease in the nuuber 

_ of tumors was found in mice treated with the liver mitotie stimulating factor 
in the heated supernatant of a transplanted msmmery tumor. 


2) {e) In a collaborative study with Br. Alen Rabson and Dr. 
Glancarlo Rabotti of the Laberatory of Pathology, NCI, the intranuclear 
location of the polyoma virus in P388 tissue culture cells was demonstrated 
by the fluorescent antibody technique. ‘The viral antigen could not be secu 
_ in sections of polyoma induced salivary gland tumors, however. (b) In 

_ collaboration with Dr. Mary Fink of the Laboratory of Biology, NOI, the 

_ intrenuclear end intracytoplasmic location of Rous sarcoma virus antigen 

_ was demonstrated in sections of Rous sarcoma tumora using the fluorescent 
 @ntibody technique. (c} In collaborstion with Dr. Howard Goodman of the 

_ Wationsl Beart Institute, a technique was worked out for the demongtratioz 
_ of antinuclear antibodies in the serum of patients with Systemic Lupus Exythemato: 
and other related diseases. ‘The antinuclear material will react with <i 
4 of all celis tested including normal and neoplastic and from kmman, rabbits, 
_ guinea pigs, mice and vats. No antinuclear material wes demonstrable in 

_ the serum of cancer patients. A blocking effect on the antimiclear material 
in Lupus patients sera by cera from sancer patients was aot demonstrable. 
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{cel} In collaboration with Dr. Howard Goodman of the National 
Beast Institute, Dr. Jchn Fahey of the General Medicine Branch, NCI, and 

! Dr. George Brecher of the Glinical Pathology Nepartment of the Clinical 
Center, when serum ef Lupus patients was fractisnated and the fracticus cested 

by the fluorescent entibedy techmmigue the activity was found to reside in 

4 beth the 78 and 188 gicbulin fractions. 











ye Significance: i) The studies of the liver mitotic stimulating 
factor in tumors indicate that thie fector tends to promote the growth of 

an established tumor while it has en inhibitery effeet on the carcinogenic 
effect of methylcholanthrene and urethan. The relationship of these observa= 
_ tions to tumor growth and carcinogenesis awaits further study. 2) The 

_ intracellular iccation ef the tumer viral antigens is of basic importance 
te the study and understanding of virus neoplasms. 3) The study of serun 
factors with antinuclear activity may well centribute to an understanding 
of the etiology and treatment of the collagen diseasea. It is also of 
interest in terms of the composition of the cancer cell nucleus that it is 
net distinguishable from the normal by these serum facterg. Of equal interest 
is the absence of a demonstrable difference in the serum nucleoproteins of 
cancer aad sormal individuals by this system. 


: Proposed Course: 1) A study of the growth facters associated 
with the tumor legion will be continued with emphasis on improved techniques 
fer detection and characterization. 2} The uge of the flucrescant antibody 
technique for the study of virus tumors will be extended. 3) Further 

_ studies of the host cell relationship im the metastatic procses will be 

- undertaken. 


Part B included: Yes 
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Honors y 4fuards, and Publications 


deation s8 other than abstracts from this project: 


Goodman, H. ¢ S. Fshey, 3. L., Malmgren, R. A., and Brecher, G. 
Separation of Factors in Lupus Erythenstosis Serum Breastineg 
ee Components of Gell Bueclei. 

fencet 2; 7099; 382-383, 1959, 


Malmgeen, R. A., Fink, M. Ac, and Millis, W. 

Demonstration of the Intracellular Localization of Rous Sarcoma 
Virus Antigen by Flucrescein Labeled Antisera. 

J. Net. Cancer Inst. In press. 


folmeren, R. A.; Rabott, G., and Rabson, A. &. 
intracellular Localizetion of Folyoma Virus Antigen Demonstrated 
with Fluorescein Labeled Antisera. 


J. Hat. Cancer Inst. In press. 
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a Project Title: Bevelopmental Pathology and Function of the Thymus 
. lend and Thymic Tumors 


Principal Investigator; Roger W. O'Gara 
Other Investigators: 

| Cooperating GALES ¢ 

; Man Years (calendar yeas 185$}: 


‘Potsli: 1/2 
Frofesgaieneis 1/4 


Other: 1/4 


Be Peo ject Beseriptian: 

















a . Objectives: To ebtain information on (a) the function of the 
hyaus giand, (b) the factera involved in the growth of the thymus gland 
end in the development cf epithelial thymomas, {c) the influence of the 
aoe gland om the induction of lymphoid tumors. 


 Methode: Surgical procedures and the usuel Eybiolssics histo- 
athologic, and radiation techniques. 


ee Ha jor Pindiags: 1) Serial studies of neo-natal thymic glands 
rensplanted inte the spleen of adult mice show that the thymic tissue 
gocuerstes ¢ from its om cells and not from infiltrated heat lymphccytes. 


Plenic thymus treneplents but ovarectoemy did not. Thymectomy did not 
ppreciably euence the growth of intrasplenie thymie transplants. . 
3} Ome intrasplenic thymic transplant bss resulted in a transplantabic 


confirm previous reports thst leukemla does not develop in irradiated 
thymectomized €57B1 mice when given intrasplenie trensplents of neo=-natei 
thyms glends. 


growth cepabiiities and reactions of the thymus gland under altered 
environmental conditions. It is expected to supply information en fac 
which regulate and control the growth of the thyms gland, and on eo 
development of thymemas and lymphoid tumors. 


OBE 


) Adrenalectomy plus orchiectomy enhanced moderetely the growth of intra= 


Squamous cell carcinoma. {Now im its 3rd passage.} 4) Additional studies 


Significance: This ig a new experimental method of studying the 
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Proposed Course: 1} Additional studies are being made of the 


 eomparative effects of neo-natal thymic tissue when transplanted into 

the liver, spleen, and subcutaneous tissue of thymectomiged irradiated mice. 
2) The nature of the epithelial cysts found in the spleen after transplene 
tation of neo-natal thymic tissue is being further investigated by 


eomparison with transplante of bronchi, skin, and stemach from nec-natal 
mice. 3) Greups of irxadiated mice will be fed antimetabolites and 


alkalating agents: (e) during the period of irradiation ead (b) during 

the period fellowing radiation, im as attempt te imfluence the incidence 
of sadistion-induced leukemia during the preleukemic period. 4) Gnolesters! 
pellets contalaing hormones will be implanted  subeutaneously inte 

mice $o study the long-term effeet om the thymus. 


Part B included; No 


1002 





i} 


me 2 


Serial No. NOT 534 DIN 
1. Laboratory of Pethelogy 

2. Ganser Induc. & Pathogenesis 
3. Bethesds, Maryiend 


re 
$ 


PRS NIN 
Incividual Project Report 
Calendar Year 1959 

















Part A. 


Project Title: Eneidence of Induced and Spontaneous Tumors in NIN 
, wiss Mice Used in Screening Experiments for Potential 
Virsi Induced Human Neoplasms 


De aS ae 


Principal Inve setiga ater: Mearl F. Stanteca 





q Other Investigator: ‘Bobert Manaker 
Cooperating Unites Laboratory of Blolegy, HOLT 


Man Yeers (calendar year 1959): 
fotal;: 1/2 
Professional: 1/4 
Others 1/4 


Pesject Deseriptions 


Objectives: The determination of the incidence and character of 
_ tumors which occur in the variety of mice used in screening experiments 
and the detection of unique tumors which may arise in the test mice. 


q vethods: Dr. Maneker cultures end inocculates newborn mice with 
eontrol and human tumor inmceulated tiseue cultures. Dr. Stanton studies 
the animals for tumors. 

Major Findings: Results are in very preliminary stages of anaiysis. 
Of 106 tumor-bearing animals (all over 6 months of age) the following 
percentages have been noted: breast tumors in 20%, pulmonary alveologenic 

_ tumors 31%, reticulo-endothelial tumors 21%, uterine lelomyomas 62, 
 subcutancous fibresarcomas 5%. Im addition the following rare tumors have 

_ been found: 4 adenocarcinomag of the kidmey (2 from a group inoculated with 
the same material and 3 from the same source of material), 2 thyroid adenoma 
1 salivary gland adenome, 2 mast cell tumors, i osteogenic sarcems, 1 ovarie 
-earcinoms, 1 endometrial carcinoma, 1 pituitary adenoma, 1 cutaneous hydvadenoms 
and 1 liver hemangioma. The incidence of multiple tumors is remarkably high 
in this sroup of auimels, 






q Significance: Such studies are necessary to separate induced 
tumors from thoge occurring spontaneously. 


Proposed Gourse: Beeause the mice are not inbred if will be necessary 
tc study laxrze numbers of mice at varicus ages to have 2 clear impression of 

the normal tumor incidence and variety of lesions which test animsis may 

show. This is a long-term project. 
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Pert A. 


Peoject Title: Experimentel Studies on the Effect of Nutritional 
Defleieneies on the Pathogenesis of Hepatomas in Rate 


Peincipal Investigster: Herschel Sidransky 


Other Investigsters: 1) Tsuneo Baba, Laboratory of Pathology, NCI 
; (Seetion A (1)) 
2} Emmanuel Farber, Dept. of Pathology and 
Biochemistry, Tulane University, New Orleans 
(Section B (1}) 
3) V. 8. Mitbander, Laboratory of Biochemistry, 
NCI (Section B (2)) 
43 Herold P. Morris, Laboratory of Biochemi st: EY 5 
NEI (Seetion € (4)} 


Cooperating Units: 

‘Ban Years (calender year 1939}3¢ 
Total: 2 L/3 
Professional: 1 
Others 1 1/3 

Project Beseriptions 


Objeetives: Ts study the pathelogic and chemical changes that 


occur in certain nutritienal deficiencies which may be related te the 


Subsequent development of neoplasia in the liver of the rat. 


Methods: {A} Rwaghiorkor, a widespread protein deficiency disease 
in infancy and childhood, has been considered possibly to be related to the 


4 high lacidence of cirrhosis and hepatoma of adults in Afriea. Experimenteiiy, 
we have previously found that young rats force-fed purified diets devoid ia 
eertein single ersential amine acids, threonine, methionine, or histidine 


develop many lesions which are similar to those found im kwashiorkor. In 


order to learn additional information under our experimental conditions, 
_ deficiencies in valine or lysine have reeently been studied. Alse studies 
are in progress to determine the influence of level of carbohydrate intake 


on the changes produced by the amino acid deficiencies. In order to simulste 
more closely the natural diets in areas where kwashliorkor exists, experiments 


have been carried out in which young rets have been force-fed diets 
containing certain vegetable proteins as the sole source of protein. 
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B. Gholine deficiency im acute experiments produces a fatty 
liver in the rat while in chronic experiments hepatoma develops in the 
fat. The possible relationship between the development of the acute fatty 

liver end the subsequent development of hepatoma is not elear. In acute 

experiments the eusceptibility to develop fatty livers has been found to 

_ vary in certain species. A study has been conducted to learn whether the 

Level of the liver enzyme, choline oxidase, in 8 species cf animals and 

in wen, may be related to this a red susceptibility. 





in addition, & study has been undertaken in order to obtain a 
More clear understanding of the relationship of methionine to choline ia 
_ -geute SSS deficiency. 








Previsusly it hes been shown that rats develop hepatomas when 
pleced da a choline deficient, lew methionine diet. More recent studies 
_ veveal thet ethionine, an ethyl aunlog of methionine, produces hepatomas in 
the ret. Ethienine is believed to act as a competitive inhibitor of methionine 
| and thereby produces a relative methionine deficteney state. Methionine 

but not choline completely inhibits this action of ethionine. To learn 
more about the mechanism by which interference with methionine metabolism 

ean induce hepatomas in rats, current experiments have been started in which 
 enimais have been pleced on @ methionine deficient, but adequate choline, 
 alet. 






















G. Ethionine hes recently been reported to preduce hepatomas in 
the rat. Although meh experimental work has been performed on the acute 
 aetions of ethionine, little is known about its action in chronic 
experiments leading to hepetoma. Several studies have been started te study 
+ eertain aspects in the development of hepatomag. The influence of partial 

hepatectomy before placing rats on ethionine is under investigation. 
P-Hydroxypropiophenone (PHP) has been described to inhibit the development 
ef Liver tumore caused by butter yellow, The affeet of FHP om hepatoma 
formations due to ethionine is presently being studied. 


Ethionine and Ne2-fluorenylacetamide (N-2-FAA) heve each been 
shown to induce hepatomas in vats. Male rate are more susceptible than 
females to the careinogenic action of Me2-FAA while no sex difference has 
been reported with ethionine.’ The early Ristopathological changes produced 
_ by eack agent have been reported to be similer. For this reason, exper é 
have been started to determine whether these agents fed together in the 
_ may act synergistically in the development of hepatomas and to observe 

whether a sex difference will be found. 






Studies have been started to learn more about the sex difference 
in liver tumorogenesis due to Ne2-FAA. Rates of both sexes of the Osborne 
Mendel strain and Buffalc strain bsve bees sacrificed at imtervals in orde: 
_to study the early histologic shanges in the liver. 
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Mejor Findings: A. 1) One publication describes the chemical 


pathology of acute valine and iyeine deficiences. 2) Preliminary studies 
(eppesr So fadteacs that the level of carbohydrate intake is important in 


producing the patholegic changes described in the above and previcus pube 
iications, TE the earbchydrate intake is lowered while all other nutrients 
are kept constant, few pathologic changes resuit. 3) Rats force+fed certain 


vegetable proteins (com, cassava, milo, wheat, and rice) for three days 





' develop many pathslogic changes eimilar to those deseribed with previous 
emino seid defileiencies. 


B. 1) One publication deseribes the various levels of liver cheline 
Bsidaes ia man and in 8 species of animals. 2) Preliminary studies reveal 
thst growth and pathologie changes due to choline deficiency are highly 


dependent on the level cf dietary methionine intake. 3) Chronic experiments 
in which rats keave been placed on a methionine deficient diet have now bees 


in progress for Li months. Rats will be followed for an additional 12 
months. 


c. 1) Experiments in which rats were partially hepatectomizged 


a and then placed on an ethionine diet, have now been followed for six months 


with nc findings to date. 2} Experiments in which rats were fed ethicnize 


with and without PHP have been followed for nine months. Preliminary 


findings indicate that PHP dees not alter the early morphologic changes 
due to ethionine. 3) Experiments In which rats were fed control, ethionine, 
W-2-FAA, and ethionine plus N-2-FAA diets were observed. Male and female 


4 tats fed the ethionine plus N-2-FAA diet died with hepatomas at an 
 esrlier time than in all other groups. 4) Experiments in which rats were 
_ fed Ne2-FAA and secrifieed at monthly intervals reveal that the histopath ee oe 


changes are diiferent in the male than in the female. The male rat deveto 


3 changes earlier and of a different type than in the female. 


Significance: Up te the present time the only nutritional © 
geficiency which has been found te produce Liver cancer in experimental 
snimsle ig that of choline defielency. It would be of much interest and 
impertence to determine whether other deficiencies such as chronic 


amino acid or protein deficiencies might under certain conditions produce 


hepatemss in experimental animele. 


2 


Feo sposed Couree: Rats placed eu different diets will be sacrificed 


- &t varying intervals. Setsiled pathologic studies will be conducted and 


the pathologic findings will direet the course of the chemical investigation. 


(Note: In add{tion to work described above, collaborative work related to 
liver carcinogenesis is being carried out with Br. H. P. Morris. Detsils 


_ will be given in hig report.) 


Part B included: Yee 


1016 


my) 


bs WN 1g 








see ene 
PHS “Nin 
=, 3 Re a hve i & F 
individual Project Raport 
in atten as =) GG 
Caiendar Year i¢95S 








Part B, Honors, Awsrds, end Publications 
_ Publications other than abstracts from this project 


1. Sidransky, Herschel, end Baba, Tauneo 
Chemical Pathology of Acute Amino Acid Deficiencies: I1t. 
Morphologic and Bicchemical Changes im Young Rats Fed Veline- 
end Lyaine-Bevoid Diets. 
J. Nutrition. Im press. 





2. Sidzansky, Herschel, and Farber, Emmanuel 
pe _ Liver Choline Oxidaze Activity in Man and in Several Species 
of Aninais. 
4  Agech. Biochem. Biophys. in press. 


3. Sternberg, William H., Sidransky, Herschel, and Ochsner, Seymour 
Primary Malignant Lymphomas of the Lung. 
Cancer 12: 806-819, 1959. 


4, Sidransky, Herschel, and Friedman, Lorraine 
The Effect of Cortisone and Antibiotic Agents on i Experimenta 
Pulmonary Aspergillosis. 
Am. J. Path. 35: 169-183, 1959. 


5. Pearl, Maurice A., and Sidrensky, Herschel 
Fungus Infections of the Ilunug in Patients Treated with . 
Corticosteroids end Antibictics 
Bull. Tulane M. Fac. 19: 35-42, 1959. 


6. Sternberg, Willism H., and Sidraneky, Herachei 
Patholegie Observations on Primary Malignant Lymphomas 

} ef the Lung. 

ee Bull. Tulane M. Fac. 19: 1-10, 1959. 

Honors, Awards relating to this project: 


Member, American Society for Experimental Pathology, April 1959 
Member, American Association of Path. & Bact, April 1959 
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Part A. 


not interviewed, their diagnoses, and the reagons fer failure to intervie 


:. are currently employed in the preject. Interviewing was started in New Oriesas 
on 15 February 1958. 








Pathology 

2. Gancer Patholegy Section 

3. Bethesda, Maryland, end 
New Ozleans, Louisiana 


Rec) PHS-NIH 
Individual Project Report 
Calendar Year 1352 


Project Title: Geographic pathology field studies on urinary bladéer cancer 


in New Grieans, Louisiena 


Principal Havestigater: Lucia J. Dunham, Harold §. Dorm, and Hareld L. Stewart 


Other Investigators: Alen &. Rabson, Leuls 3. Thomas 


Ceoperating Units: 


Men Years (ealendar year 1959): Patient Bays (ealendar year 1259): 


fotal: 1 5/6 
Professienal: 1 1/3 
Other: 1/2 


‘Project Deseription: Pield studies on Urinary Bladder Caneer, New Orleans, 


-Louisiena. 


Objectives: The objective ef thig project is ta complete an extensive 
questienamire study ef patients with urinary bledder casce 
im a southern U.S.4. eity with a high incidence ef bladder cancer comparad {a 





_ two ether southern cities. @orn and Cutler, Morbidity frem Geancer in the 
United States, Public Health Monograph No. 56). The data will be analyze 


> 








a view to identifying factera asseciated with easas of urinery bladder ca 


y Basic data on the ineidence end pathelogic Gicroscopic) diagmesise of the 
_ cancers are being obtained. ; 


Methods; For the area under study and the period ef study ail patienta 
pesaible with the dlagnosis of urinary bladder cancer are 


; interviewed, and an squal msnaber of control patients as well. The 4 
 gecorded inelude gesigence, cccupation, medical and surgical heey aad 


information about diet and about the use of alcoholic and son-alcoholie 
beverages and ef tobeeco. Records are kept of the email number of patients 






A eeding statistician and one medical eecial werker inte 
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Calendar Year 1959 


Part A €eont inued) 


Major Findings: Data frem about 200 cancer patients and an equal 
number of control patients have been reviewed and 
ended. It is estimated that pathologic material will have been examined 
in about 90 percent @f the cases at che date en which thie resert is 

‘submitted. 


Significance: The significance of the study lies on the hope of 
supplying a sound scientific basis for the understanding 
o£ facters in habit er envirenment as they msy be related te a high 


_ ineidence of urinary bladder cancer in a specific geegraphiec area. 





Proposed Course: It fs plamned to continue the study for a total ef 
three er more years. Data will be tabuleted and - 
analyzed and a report will be prepared for publication. 


Part B included: Ko 
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Part A. he 


Project Bitle: Geographic pathology field studies on uterine cancer in 
New York City, Israel, and Washingten, D.C. 


| Prinedpel Investigator: Lueia J, Dunham, Herold BF. Dorn, and Hereld L. Stewert 


Forier Investigaterss John H. Edgeomb: Louis 5. Thomas 





Cooperating Units: 


é 
4 eae 
Maa Years (ealendac year 1959): Patient Daye (calender year 2959): 
: Total: 5/6 - 
: Professional: 1/3 
‘ Other: 1/2 
Preject Description: Field studies ef uterine cancer (cervix and corpus) 2m 
: New York Clty, Israel, and Washingtoa, B.€. 
EY 


Gbjectives: The ebjective of this preject is te camplete an exten 
4g questionnaire atudy of women with wterine cancers in: i 
geographic areas and racial greups, and te analyze the data ebteined ya 
view to identifying factere suspected of predisnsesing to or eausing £ 
genital cancers. Also, basic data en the incidence and pathologic Guictoseapics 

diagnoses of the cancers are obtained. 





















Methods: Fer the area under study and the seried of study all patients 
possible with the diagnesis of uterine cancer are interviewed, 
and an equal number of control patients as well. The confidential data recc 
_anelude secial, medical, and surgical histery, and menstrual, marital, and 
“pregnancy data. Records ere kept of the smail number of patients non inter- 
viewed, their diagnoses, and the reasons for failure te intervie. Pathologic 
‘material is studied in all cases. 
: 4& eoding statistician and one medical aectak worker interyiewar 
‘are currently employed ia the project. 





Major Findings: 1. Data from 3,534 cancer end control patients, 
; neneJewish white, im New York City and Israel have bee: 
teviewed, coded, tabulated and analyzed. Pathologic material has been exan 
in the cancer eases. A report has been prepared entitied Cancer of the UE 
Part 1, Jewish and non-Jewish white women in New York City and Jewish women ia 
‘Israel. The seven authors, including Dr. J. Casper, Petah Tiqva, israel? end 
‘De. A. Symeonidis, Thessalonika, Greece, are currently editing the menuserips 
preliminary to publication. Twelve additional critics are also revieving 
“manuscript which will be published in the near future as a U. S. Public Health 
Service Monograph. 
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‘Part 4 f{eoatinued) 


Haior Findings: 2. Part Ei. Negro women in Hew York City. 

; Data from about 500 cages of cancer of the uterus ia 
“non-white women in New York City have been reviewed and coded, tegether with 
an equal number of control eases. Pathologic material has been examined in 
all earicer cases. Data are ready te be transferred to punch cards for 
pachize analysis. 
4 3. Pert ZI. Negro women im Waehington, D.C. 

Date from about 400 cases of cancer of the uterus in Negro women and frem 
about 400 control cases will be assembled by February 1 or March 1, 1930. 
Data from the entire Part IZ study of Negro women wili be coded and aralyzed 
auring 196). 


The significance of the atudy lies in the hope of 
supplying a sound scientific basis for the understancing 
of facters of custom, habit, or enviremment as they may be related to 
felatively high frequencies of uterine cancers in seme groups of women as 
eontrasted to intermediate or relatively low frequencies iu other groups. 

In addition, a eritical evaluation ef the atudy, prepared at the same time 
as the repert, should provide a useful commentary om techaiques in the 
epidemielogy of cancer. 





Proposed Course: It is planned te publish the report of Part i of the 


and te explore other techniques than were used in these retrospective studies. 
‘The other techniques te be considered include: (1) @ prospective study of 


the Health Insurance Plan of Greater New York, and (2) a comparative genetic 


study of tates of cancers of the uterus in eee women, iubred and cuthred 
trizacial isolate groups of women and Kegre women. 


‘Part & émecluded: Be 
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study, to prepare the report ef Part Li fer gubiication, 


‘caneer of the uterus in a lerge group of healthy persons, such se enrollees af 
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esda, Maryland 
' PHS-NIEH 
fadividual Project Report 
Calendar Year 1959 
Part A. 


Project Title: Geographic Pathology. Experimental studies relating te the — 
geographie patholegy of mouth cancer. 


Principal Inveetigater: Lucia J. Dunham 
Other Iavestigaters: 


 Ceoperating Unite: 


Man Years (calendar year 1939}: Patient Days (calender year 1959); 
Yozal: 2/3 
Profeesional: 1/3 
Other: 1/3 


Project Description: Experimental studies on mouth cancer. 


Objectives: The objective of this project ie te examine the mucous meubraze 
o£ the hamster cheek pouch fer proliferative changes that mey 
develop when test substances are chronically maintaimed im contact with these 
surfaces. Substances used are environmental materials suspected of beige 
mildly careinegenic for man. 





Methods: The pellets which have been prepared fer insertion in the right 
cheek pouch ef the hamster iaclude the tebaceos, lime, gembiy 
areca nut, and pepper leaf of the Far Eastern “betel quid’, the plastic 
material used in preparing “false” teeth, and tebacce tars and control 
mategiais. A technical assistant is retained part-time for help in the study. 





2 





Mejor Findings: The eperation for inserting peliets im the pou 
performed on more than 460 animals. He animal 
at the present time. Grosa and micrescopic legions of the souch wall 
ebserved im ebout 15 of the several hundred experimental animals exes! 
There have been no malignant neoplasms emong theee. It has been demon 
thet neoplasms can be initiated in the pouch wall by using pellets ce 
@ known carcinogen. When tissues from all the animale heve been exestine 
all findings in the peuckes aad other pathologic changes will be eeu BE 
and a report will be prepared. (See current studies, Serial No. Nol 536 
Dr. Katherine Herrold). 
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Pact A (continued) 
Significance: The significance is te reach an improved understanding 
ef chronic irritant factors as they may relate toe cancer 


of the mouth in man. In addition it will be ascertained whether it is 
desirable to do further etudies using wodifications of the technique deseribed. 


Proposed Course: The cheek pouch with the test pellet, end the eppesite 
pouch, are both examined when the hamster is sacrificed 


or dies. The findings will dictate the future eonduet of the investigation. 
A report will be prepared for publication. One er more experimental approaches 
of possible use for the bio-assay of weak carcinogens will be explored. 


‘Part B included: Ho 
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Serial No. Br 326 
Ta = LEI TRESS 
2, Isberatery of Pathelosy 
2. Ceacer Patholagy Section 
3. Béthesda, Maryland 


PHS -HEE 
Individual Project Report 
Galender Year 1939 






Pert A. 
‘Peoject Pitle: Studies of Polyoms Virus ie SerumeFree figsue Culture 
= Systons 


~—s« Peineipal tnvestigazor: 2lem §, Rabson 
Gtkher Iavestigstersa: Frances ¥. Legsilsis 


Cooperating Unless 


Mae Yeers (eslendar yest A939 5 Patient Days (calencar year 19SO}s 
fetal; 
Profeceionsl:; 2/3 
ethers 1/3 


Peoject Deceription: 


Ob eetsves: Studies ef polyems vicus in ewltures ef P38 Bl celis 
gram in serum-free madiua Rave been undertaker to attempt to learn about 
the setien of Shis virus en grolifersting eellg ia a growth medium fves et 
—s garum entibadies and mon-speciiie sezua viral iakibicors. 


Methods: Polyosa virus has been grows im cultures of miikeadaptec | 
p398 Bi cells using comventionsi eiseue culture virological wethods end 2 
eytepathic effect has besa demonetreted. The virus~hest cell systes eas 


been studied cytochemieally ia collsborstion with Dr. Robert Love; with 


fiuoseseent eatibedy techniques ia eollaboration with Dre. Melagren ses 
Reabotei; with measurement of BNA by Foulgen alerespectrophotometry in 
eellaboration with Bre. Rebotti end Malmgren, and with the electron micro” 
geepe in collaboration with Br. Willian Benfield. : 





Major Findings: Is the eptochemieal studies egrried out with De. 
Love, a2 abnoraal riromucleoproteia hes baen demonstrated in the muclexs of 
gilkeadapted P388 Di calis imfected with polyoma virus. By meauc ef the 
Fluorescent entibedy mathsds, && antigen agsceleted with polyems virus hes 
been denonstzates in the nucleus of infected celle. Mierospectrophoto= 
metrically, Rabotti hee found no inerease im nuciear BNA in infected ealiz 
elthough there is en increase Im nuclear volume. Banfield has found cerge 
gumbers of paxticles comsisteat 20 gige with polyoms virus within tue © 
ef infected 2368 Bi cells. ALL of these findings are consistent with beat 
by no msane conclusive proof of intranuclear sepliestion of an EBM: Sype 
virus ia wilkeedapted 388 DL cells anfeeted with polyoma virus. 


Gi 
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Part & (eout tited). 





Ler elrheances xs) uoratanding: of the mechanien of action of 
Lyome yirug ia vitro will probably be of great importance to our under~ — 
standing of yirel neoplasia. fhe systems fer the isolsties of polyoms virus 
y be goed experimental models for the iselation of comparable agents 
ise kim fuerere. 


; Proposed Sourse fe etudies ef the cytepathslogy of polyoms virus 
= ta 2388 Bi celle is gerime£ vee medium will be continued. Systems for chs 
 gxewth of the cella and virus in a eoupletely chemically defined medium are 
being develeped end sheulé facilitate bieekemieal studiee of the virus<kest - 
sell syetem. Attempts to find a proliferative virus<hest cell systen in 
 evlture eve been umsuccezsful but will be comtinued. 


Part 8 ineluded: Yes 
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‘Bebaon, A. S., end Legailaia, F. ¥. 


 Gytepathegenie Effect Preduced by Polyema Virus in Gulturas of 


«so RAlkeadapted Murins Lymphoma Cells (Strain P388 DL) 
: Peoe. See, Es © Bisk. & ed. Ge: 223 °233 » 1989. 


Love, R., and Rabson, A. S. 

' Gytechamies! Studies of Milk-eadapted Morime Lymphoma Cclis 
“Stzeain P388 BL} iafected with Polyemm Virus 

do Mat. Cameer Inet., im prees. 


Halmeren, BR. A.. Rabotti, G., and Rabéon, A. S. 
Tateaceliular Localigatien of Bolyoma Virus Antigea Dems 
with Fluorescela Lebaled Antisera. ; 

J. Net. Cancer Inst., im preae. 
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Project @itles Agtesets te Tsolate Onscegemie Yiruses fram Rumen 
FuURLOLs 


Principal Emvestigeter: Alan §. Hebson 
Other Fuvesticutsra: PFrearces Y. Lagailaisa 
‘ Cossperating Unites 


. Ban Fears (calendar year en) 
etal; 1 1/3 

Profegsiengi: 2/3 

Other: 2/3 


Pro feet Besgeripsien: 


Gbiettives: Attempts are baie made to isolate onsogerie viruges 
fsom tmman tumors. 


Bethess; Sxtsaste of peesk iuamas; tumors are prepared and 

= inoculated into tissue cultures of imen eelis, inte newborn Syrian hamscer 
aad inte fetel hamatere im utero. Blind pessagee of the tlesue eulfture 

+ €luids ave made at intervela te fetal and newborn heastera. The tiseuvc 

+ cuiterca used have been grown in serwaefree madium to avoid possibile 
presence of eorum antibodies er serum viral inhibiters. 


- “Major | Findings: : A St¥ain of umn epidermeid earcinoms calls 
hes been isolated and grown fey tue years ia a serumefree medium containing 
+ @uteelayed non-fat milk. Cultures of this cell strain are inoculated 
with extracts of fresh Iuman tumors and cbearved fer possible cytepsthic 
effects. The study has been im progress for lees then one year and ac 
 eyterathie agents have been isclated yet. The hamster tnoculatica studi 
bhsve boom im progress bs & months and only one imeeuleted anism] has 
éevelored a tumor. 


Extracts ef 33 imman tumore have been inoculated thus far. 
include Wlims tumor of the kidney, msethelioma of the perieardiun, # 
diseass, squemeus cell caxreimomis of the oral cavity, enbryonal shabe 
SarcotS, gaugifoneuveblastema, syndvinl sarcoma, undifferentiated carci 
ef the paraneasai sinuses, fibrogarceme, hepatcblestema, maliguact scvancema, 
choricearcinema, and verioues types ck leukemia. 
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Project Gitle: Studies ef Breia Tumors Preduced in Hamstera by 
ingracerebrally Inoculated Polyema Virus 


‘Principal Imvestigater: Alen &. Rabson 


Qther Invectigetora: Ruth L. Kirechstein, Division of Biological 
Scienses, Ni 


e Cooparatiag adtes: 


Mea Years (caleadsr year 1998): Patient Beys (ealendar year 19593: 
®otale 1 
Seofegsienals 2/3 
Other: 1/3 


_ Bro jeet Baseripticns 


Ob JacS Lives ¢ whe response of Syrians Ramsters to ineeacercbral 
inoculation | of ao ivcia virus hae been studied im em attempt to learn about 
the types of brain temere thet may be produced by @ mammalian oneogeric 
virus and &© lesgm some of their biolegiesl properties. 


‘ Methods: Feels of poly [ema virug growa im milkeadaptes P38e Di 
 celis have been prepared and titrated by earial temefold diluticeas im tke 
game cell system. Yarying smounte of virus heave bean inoculated imtras 
 eerebrally ints young Syrian hamsters. The anirals have been carefuliy 
observed for evidence of intracranial disease ead ecmplete autopsias have 
been performed on animale found dead or moxibuad. Portions of brain tumors 
i have been ereserved aseptically fer virus {eclation etudies. 





a jor Findiaza; Some of the findings have beea presented in 
8 paper chat is sav is prase. fas semary of this paper follows: 





' «'“Snersccenial sarcome beve been produead im Syrian hamsters inceulated 
. intrecerebrelly with polyoma virus. These ucaenchymsl tuners appareatly — 
 &xrise feom connective tissue in the pia mater er the surface of the brain 
_ end in he sulei, end from the adventitia of emall maningesi and cerebral 
vessels, The tumors have developed ia animale inoculated on the day of 
birth and at &, 9, and 12 days of age, and they have heen found in animgis 
which bave died as soon as 31 days after imceuliation. Histologically, 
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oe A {continued} 


' the int raeranial saveomes of the hamster produced by pol jens virus Fresambie 
te gaveomatous lesicas of the brain preduced im the young chicken by 
 iutrecerebrally inceuleted Rous sarcoma virus. The hamster tumors alec 
‘gesemble the rare mesenchymal tumors of the brain in man which heve cee 
galied leptomeninges] sarcomas. These chservations suggesé that attempts 
to deslate sncogenic viruses from human leptomeningeal sarcomas might 

be sueceseful." 


@ *‘Sisnifieance: The demonstration of meningeal sarcomes produced — 
by polyoma virus in hemetere suggests the possibility thet eimilar tumcrs 
in wea may aiso have a viral etiology. Attempts are being mede to obtain 
tuner from amen laptomeningeal sarcomas for virus isoletion studies. 


a She virud~host aystem of intrecerebrally inoculated polyoma 
 virws in young Syrian hamsters eay be a useful one fer studies of the 
 mechesleans of viral tumor formation. It is asitable for histogenstic 
 gtudias aad fer doge ressouse atudies. It may be @ more preeise in vive 
assay method than the subcutaneously inoculated sewborm mouse or “amster 
gince death should be more rapid and certain with a space-sceupying imtre- 

erenial tumor. Studies to eveluste the usefulness of the system ane, now 
in progress. 


Proposed Course: Preeise studies of the bistogenesis si the 

_ antvacranial lesions ave now lm progress. In vivo infectivity titrations 

of virus pools with known tissue culture imfeetivity and known hewseriutinin 
 +eontent ave aise ia progress. The hietelegiesl types of tumore preduced 

| with small inccule over loag pericde of tims will be of considerable 
interest simee the pogeibllity of glieme production by the virus hes not 
been eliminated. Tiseues are being preserved aseptically from brain tucsrg 
preduced by vasyiag doess of virus and attempte will be made to titrate 

ths emcumt of virue in hese tumore to determine whether there is any 
eelationship between elae of imoculum and amount of virus in. the fumor. 


Paet $8 imeluded: Yee 
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ffeet of species variation on the oncolytic properties cf 
oxsackie B3 virus on heterotransplants of HeLa cells wt 


Investigator: R. Gerald Suskind 


Robert Love 









) Years (calendar year 1959): 
Total: 1/6 

Professional: 1/6 

other + 











ackie 


eee ve cosine ton! An attempt was made to compare 2° ‘clonal strains of Coxsackie 
B3 virus, one oncolytic and the other non-oncolytic re 
srotransplants of HeLa in rats with their behavior in heterotransplants cf 
“cells in the chick enbryod. The project hes been temporarily abandoned 
cause of the difficulty of producing reproducible HeLa tumors in the chick 
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The cytopathological changes produced by infection with a 

z recently deseribed myxovirus, particularly with re egard to 

Bes in nucleie eeids and nucleoproteins are under study in different cell 

Rates of virus synthesis as measured by the hemadsorption tech aiique 4 

1, ed with changes in nucleic acids and nucleoproteins as absceved Se tata: 
y by toluidine blue-molybdate staining. Differences have been ies 

in infected Hela cells, where nuclear degeneration and syncytia! 
1 formation is priced: and in HOFOS Sse monkey kidney cel 





yelak type 





ee ae sites Be viral synthesis | are aeaee. An opportunity is 


dy the cytological aspects of a virus host cell relationship in vyetem 
ch the seme RNA containing virus can live in symbiosis Wane one cell and. 
another, a veletions ship whieh is of basic interest in the pathogenesis 


’ 





Lie ie 
eo 


ELS 

Saris 

Pia ay 
a 


eye 
AULA 


Ty pve 
helenae 
Cie tat eat 


isles 
Sant 
ACh 


Hay 


if 


Hea unt 
Ma 


Cave 
Rae 





pes 


Hela celts and ascites tumor coe Hitherto undescribed & 


prs tanen mnt 


. Laboratory of 


PHS -NIH - 
Individual Project Report 
Calendar Year 1959 


Further observations on nucleoprotein: Breindae with tolu 


‘\ 


blue molybdatca ; ceri, 


Robert Loye, M.D. 
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"Previous studies BE Goxeackia B3 virus in ieeerse ra 
of Hela cells have shown that serial passage in | tie 
tion for oncolytic properties or this virus, a process wath 
passage in vitro. An attempt was made te reproduce this A een 
Newcastle Disease Virus and mouse lymphoma cells (P388) in in vivo 
it was found that an unadapted (egg aca oy Neweasi ele 


















sentation o£ 4 case of essential pulmonary hemosideros! Ss €linicos\. 1) 
io logic Conference, Clinical Center. ; 


Ca) report: {in preparation) Carcinoma cf the liver associated with 
_henihypertrophy ina 22 month old infant. i 


‘ee (in preparation) Ncoseenteat Toxoplasmosis. 
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Project Title; Petholegical Technology Section 








Principal Investigeter: Joseph M. Albrecht 
cons Investigators: 
Cooperating Gaits 3 


« Hon Years {eslendar yeer 1959}: 


Total: 30 
Professional: 4 
4 Other: 26 


Project Deseription: 


a Stained tissue sections are the fumdamental basig of ali clinical 
and experimental studies of cancer. The Section prepares histological 
ections for all the levestigateors cf the National Cancer Institute. ft 
makes avaliable all the established routine and special stains and in addition 
develops and prevides the current experimental methods of tisaue preparation 
such es enzyme stains and specific histological stains. 

_ November 1, 1958 © October 31, 1959 

a iaiie Suny | 

Siemon 2993 

euatctiie 26,757 

o « o §©6212,404 


Number of imvastigators . . . « «so ss. e 
Number of pleces of tiesue . . . « » 0 e e 
Wumber of bottles of tigsue . ... -« © « e 
Number GE blocks Cut: 06-13%. le oc 6 eis 


s e 9 e 


Number of blocks cut serially ......+2+cs+e. 1,602 
Number of fregzen blocks cul . . 2 2. © 0 0 oe 0 @ 1,259 
Mumber of autopsies recorded .. . « ». ss 0 « « o 21,430 
Number of recuts ... . eirisniretcrcs © sane atenials 1,167 


Number of slides stained H & E SMe hiotiepeliemien oem venwen eS So asS 
Humber of slides stained special . . 1. « e oe « 20,026 
fMumber of unstained slides es @ o 6 @ co e . o «€ e r) LL 155 
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Bre: Photographic services rendered to the Laboratory of 
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Part Ac 


Project Title: Ultraviolet Light end Carcinogenesis 


Principal Investigator: Harold F. Blum 


Cooperating Units: Department of Biology, Princeton University 
Princeton, New Jersey © 


Man Years (calendar year 1959): 
6 Zz i 


Total: . 
Professional: 1 
Other: 8; 


Project Description: 
Quantitative Studies of Careinogenesis 
abe Careinogenesis by ultraviolet light. 
Last year 2 quantitative model was formulated which de- 


scribed experimental data on the induction of cancer in albino mice 
by ultraviolet light. The process was shown to be continuous, 


- cumulative and. essentially irreversible and non-threshold. Equa- 
_ tions were derived describing this induction in terms of the’ con- 


cept that “the tumor consists of an increasing number of clones 
whose rate of proliferation is accelerated by repeated deses of 
ultceviolet light. Experimental data support this concept. By 
this model the initial volume of these tumors could be calculated. 
This volume calculated to be smaller than a tumor cell, which in- 
dicated that the basic replicated unit governing the growth of 
these tumors is of subcellular dimensions. (See attached biblio- 
graphy references 4-7). 


Be Carcinogenesis by other agents. 


Since cancer may be considered as a growing part of lis 
host, it should be influenced by factors: that affect the overall 
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growth of the host. Hence, this lends a degree of uncertainty 
to the interpretation of results of cancer studies in which time 
of appearance, the incidence in a population, therapeutic action 
on cancer, the action of endocrines, etc. are concerned (3). 


A paper entitled "Quantitative Aspects of Cancer Induction 
and Growth: As Illustrated in Carcinogenesis by Ultraviolet Light” 
(8) was called to the attention of Congresswoman Leonor K. 
Sullivan of Missouri as having a bearing on the problem of toler- 
ance limits for suspected carcinogenic dyes in food. Upon the 
request of Congresswoman Sullivan, I replied explaining the in- 
feasibility of setting tolerance limits for carcinogens. This 
letter appears in the Congressional Record of August 27, 1959. 


Congresswoman Sulliven's Letter stimulated me to return to 
quantitative analysis of data on other carcinogens, which I had 
attempted earlier without much success. The particular point in 
question is whether the action of chemical carcinogens, like that 
of ultraviolet light, may be cumulative. The latter appears true, 
put £ have met again with little success in a quantitative analysis 
because most of the data have not been taken in a way that will 
permit accurate analysis of this aspect. The attempt at analysis 
will continue, but it seems clear that to obtain really adequate 
data would require extensive, carefully planned experiments, in- 


volving the participation of considerable personnel on a Tone 


term basis. 


The possible relationship of the findings with ultraviolet 
light to the "fall-out" problem has been discussed in a brief 
paper to appear soon in Science (12) entitled "Environmentel 
Radiation and Cancer". 


Studies of the Acute Erfects of Ultraviolet Light on Skin 


A single dose of ultraviolet light evokes a strongly hyper- 
plastic response from the epidermis. The proliferation of the 
epidermal cells for a time reaches rates that are higher than 
those found for the cancers that develop after repeated doses. ‘The 
possible relationship between these two things has been of interest 
to me for a long time, and it has seemed possible that some infor- 
mation about the carcinogenic process might be contained therein. 
Five years ago I began studies on the effect of single doses of 
ultreviolet light on the ears of strain A mice, which have pro- 
ceeded slowly because of technical difficulties and limited assist- 
ance. However, it wes possible to make a qualitative and semi- 
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quantitative study which has been briefly described in an 
article appearing in the Journal of the National Cancer 
Institute (3). 


The quantitative aspect of the study has been recently 
pushed forward with considerable success by Mr. Gerald Soffen, 
as the basis of his thesis for the doctorate, under my super- 
vision. Mr. Soffen has held, since September 1958, a Public 
Health Service pre-doctoral Fellowship. 


This study has provided consistent quantitative results, 
parts of which may be described by relatively simple equations. 
Mr. Soffen and IT, and latterly Dr. Roger Pickham, have attempted 
to find a meaningful general equation to describe all the re- 
sults, but with little success up to now. The attempt will 
continue, however, and it seems likely that success will 
ultimately be achieved. But in the meantime, partial analysis 
shows some interesting relationships which seem to have basic 
significance. 


Attention focusses on the proliferation of the cells 
of the epidermis, which may be measured accurately by counting 
mitotic figures at different times after the exposure to ultra- 
violet light. The accompanying figure shows an example of the 
relationship found. The curves represent the incidence of 


mitosis, properly corrected and plotted on a logarithmic scale 


against the time subsequent to exposure. A number of curves 
are included which represent different dosages of radiation 
from an intermediate pressure mercury arc. A similar series 

of experiments with exposures to a low pressure mercury ar 
yielded the same kind of curves; but with a somewhat different 
dosage celationship, which seems explainable on the bases of 
difference in penetration of the radiation from the two sources. 
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Mitoses per 1000 pp? 


Vee s, pormal epidermis oe 


Days 


Figure 1. Course of epidermal proliferation following 
exposure to ultraviolet radiation as measured by the 
incidence of mitosis. The mitotic counts have been 
corrected in terms of the number per unit area of 
skin; this takes account of the increase in totel 
population due to increase in number of celis, since 
growth only occurs in one dimension. 


The effects of five different doses of radiation are 
represented by the five curves, the effect increasing with 
dose. Early in their course the curves are straight lines, 
indicating that the proliferation rate of the cells is constant. 
Later the rate falls off, passes through a maximum, and ‘then 
the curves again become straight lines, but with negative slope. 
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It has generally been assumed, due largely to scattered 
studies on human skin that exposure to ultraviolet light is 
followed by a latent period before hyperplasia or other 
changes begin. It is to be noted that the curves all reach 


the base line for mitosis in normal skin at about 1.5 days 


after the exposure, and this might on first examination be 
thought to represent a latent period, particularly if only 
one curve were examined. However, the crossing of the base 
line at the same point, and the finding that the mitotic 
counts prior to that time (1.5 days) are lower than those 
for the normal tissue, indicate that the ultraviolet light 
has rendered a portion of the epidermal cells incapable of 
dividing. Pending a more complete mathematical analysis, 
these curves seem best explained as the result of influence 
of injured or moribund cells on the surviving proliferating 
cells. Thus the higher the dose of ultraviolet radiation, 
the greater the initial destruction of cells (resulting in a 
lower starting point on the ordinate), and the greater the 
initial rate of cell proliferation. 


The swelling of the cells and their nuclei after the 
dosage with ultraviolet light, indicates increased permeability 
and suggests the possibility that the increased rate of pro- 
liferation depends upon the release of material from the 
moribund cells which can be used by the survivors in their 
replication. Such an explanation is in accord with tentative 
suggestions regarding hyperplasia which appear in my recent 
book (1), and also with a working hypothesis of carcinogenesis 
that is presented therein. The latter assumes that it is the 
accumulation of templates, called for convenience "tems," in 
some of the tissue cells, which confers on them the inherited, 
rapid rate of proliferation that characterizes the clones of 
cells making up a cancer. With this possibility in mind, 
experiments are now being undertaken to study the effect of a 
second dose of radiation following the first. The analysis of 
the findings already obtained on single doses will, of course, 
be continued, since this must form a Bo basis, for the 
exploration of successive doses. 


Studies of the Effect of Non-lonizing Radiation on Permeability 
Studies of permeability changes in red blood cells, 


following irradiation with ultraviolet light and with visible 
light after pnotosensitization, have been going on in this 
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el 


laboratory for some time. A few years ago, Dr. John Cook, in 
studying hemolysis by ultraviolet light, discovered here an 
unexpected relationship, in that the hemolysis time varies as 
ai ; the square of the dose. Later while Dr. Cook held a Public 

z Heelth post-doctoral Fellowship we collaborated in studies, 
Bi: the results of which have appeared this year in an article in 
the Jowmal of Cellular and Comparative Physiology (9). The 
| dose-squared relationship has not been satisfactorily ex- 
pleined as yet, and the question of mechanism has become more 
; important with our finding that the same relationship holds 
for photodynemic hemolysis, where an entirely different photo- 
chemical reaction is at base. 


Pe ee ee, 


Because of the possible relationship of permeability 
chenges to carcinogenesis, I have attempted to find a 
theoretical explanaticn of the dose-squared relationship. 
The basic idea is that both membrane permeability and 
colloidal osmotic pressure are increased proportionately by 
the rediation. The analysis is not yet in shape to present 
for. criticism, but I hope to write it up in the near future. 


An account of earlier studies on permeability changes 
with photodynamic action, in collaboration with Professor J. A. 
Green of Rutgers University, and Professor Arthur K. Parpart 
of Princeton, will appear in an early issue of the Journsl of 
Cellular and Comparative Physiology (11). Prehemolytic changes 
in photosensitized rabbit red cells were studied. Na-K exchange 
and glucose disappearance were studied while the cells were 
being exposed to brief periods of visible light in air. Brief 
periods of photosensitization markedly accelerated Na uptake 
and K loss while only slightly increasing the rate of glucose 
disappearance. It appears likely that the acceleration of 
cation exchange with photosensitization is the result of cell 
surface alteration cether than of an effect on cell metabolisn. 


Significance to the program of the Cancer institute: To obtein a 
better understanding of the mechanism of carcinogenesis by 
ultraviolet light and of acute effects of ultraviolet light 
on the skin. 


Proposed course of project: To continue this program. 


Part B ineluded Yes 
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Part B: Honors, Awards, and Publications 
Publicetions other than ebstracts from this project: 


1. Blum, H. F.: Careinogenesis by Ultraviolet Light: An Essay 


in Quantitative Biology. Princeton University Préss 5 
19395 BP- 540. 


2. Blum, H. Fo: Time's Arrow and Evolution. (ed. 2) Princeton 
University Press, 1959. (Paper bound edition.) (First 
edition 1955). te 


5- Blum, H. F., Butler, E. G., Dailey, T. H., Daube, J. R., 
_Mawe, Ro Go, and Soffen, G. A.: Irradiation of mouse 
skin with single doses of ultraviolet light. J. Nat. 
Cancer Inst. 22: 979-9935, 1959. 


4, Blum, H. F.: Coordinated growth of body parts and cancer. 
Uo Nat. Cancer Inst. 23: 229-259; 1959. - 


>> Bium, Ho. F.: On the mechanism of cancer induction by ultra- 
violet radiation. II. A quantitative description and 
its consequences. J. Nat. Cancer Inst. 25: 319-555, 195¢. 


6. Blum, H. Fo: On the mechanism of cancer induction by ultre- 
violet radiation. IIE. The growth curve. J. Nat. Cancer 
Inst. 23: 337-342, 1959. 


Te Blum, Ho. F.: On the mechanism of cancer induction by. ultra- 
violet radiation. IV. The size of the replicated unit. 
Jo Nat. Cancer Inst. 25: 345-350, 1959. 


8. Blum, H. F.: Quantitative aspects of cancer induction and 
rowth: As illustrated in carcinogenesis by ultraviolet 
light. American Scientist 47: 250-260, 1959. 


9- Cook, J. S., and Blum, H. F.: Dose relationships and oxygen 


dependence in ultraviolet and photodynamic hemolysis. 
Jo Cell. Comp. Physiol. 53: 41-60, 1959. 
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10. Blum, H. F., Butler, E. G., and Schmidt, S. E.: Regeneration 
of limb esbnomnslities after ultraviolet irradiation. 
J. Cell. Comp. Physiol. 52: 177-186, 1958. (While dated 
1958, this paper appeared in 1959). 


11. Green, J. A., Blum, H. F., and Parpart, A. K.: Prehemolytic 

: studies of photosensitized erythrocytes. J. Cell. Comp. 
Physiol., 1959. (This paper has been scheduled for the 
August issue of this journal, which has not yet appeared.) 


12. Blum, H. F.: Environmental radiation and cancer. Science. 
(This paper should appear before the end of this year.) 


Honors and Awards relating to this project: 


Seminars and Symposia 


April 7 Seminar "Ultraviolet Light and Cancer," Department 
of Biclogy, Rutgers University. 


April 15 Lecture “Quantitative Aspects of Growth and Origin 
“ of Cancer Induced by Ultraviolet Light," at the 
annual meeting of the American Society for 
Pharmacology and Experimental Therapeutics , 
Atlantic City. 


April 16 Seminar “Back of Natural Selection," Swarthmore 
University. 


November 17 Sigmund Pollitzer Lecture "Carcinogenesis by 
Ultraviolet Light; Experiment and Interpretation,” 
New York University Medical School. 


December 2 Paper "Experimental Photobiology, with Special 
Reference to Studies on Skin," at Symposium on 
Sunlight and the Skin under auspices of the 
Committee on Cosmetics of the American Medical 
Association, Clinical Meeting, Dallas, Texes. 
I also appeared. in a television broadcast in 
eonnection with this meetings. 
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Part A. 


Project Title: Research Development Projects in the Field of 
Electronics 


Principal Investigator: Wathen Coffey 


Man Years (calender yeer 1959): 
Total: 
Professional : 
Other: 


© 


Project Description: 


Objectives: To design new electronic equipment as the needs of the 
Laboratory arise; to modify existing electronic equipment to meet 
the changes required in an experiment; and to supervise the re- 
seerch development projects in the field of electronics. 


Major Fingings: 


(1) Modification of recording spectrophotometer to permit fluoro- 
gcopic determinations to be made. (Dr. James C. Reid) 


(2) Consulted with investigator and manufacturer of transducers 
used in gas anslysis cells in metabolism stwiies in effort to 
further improve operating characteristics. Additional transducers 
producing an opposite reaction are being checked in an effort to 
increase availeble sensitivity through an additive effect. (Dr. 
A. Wo Pratt) 


(3) Adiebetic cage previously constructed further refined to in- 


sure long periods of unattended operation with increased sefety 
to equipment and experimental animals. (Dr. A. W. Pratt) 
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(4) Further modifications to commercial analog-to-digital 
converter-scanner-printer device to provide compatibility with 
ad-punch device of another manufacturer to provide common- 
lenguage link to available electronic computer. (Dr. A. W. Pratt) 


(5) Provided temporary electronic circuitry to make possible a 
determination that greater magnification and resolution was pos- 
sible with the electron microscope than was provided by the 
menuracturer, and that such permanent modifications were desirable. 
(Dr. H. Kehler) 


(6) Completed development end constructed electronic circuitry 
to insure flexible control, long-term stability and monitoring of 
input power to ultra-violet generators in U V germicidal device. 
(Dr. Mo Elkind) — 


(7) Gonsulted with investigator concerning feasibility of 
electronic counting of colonies on glass dishes and examined 
equipment performing similar functions at other government in- 
stellation. Recomended certein electro-mechanical aids to in- 
crease speed and reduce operator fatigue using existing optical 
method. These recommendations now being implemented. (Dr. M. 
Elkind) 


(8) Presently consulting with investigator and instrument maker 
on equipment to be used in studying behavior patterns and condi- 
tioning of experimental animals when exposed to audible and shock 
stimuli. No construction under way at this time. (Dr. F. Smith) 


(9) Presently conferring with investigator concerning electronic 
circuitry for electrophoresis apparatus. Certain circuit arrange- 
ment appear to be desireable to reduce cost and increase versatility 
of the equipment. we construction is yet under way. (Dr. F. Smith) 





ignificence to the progrem of the Cancer Institute: The ability to 
have these refinements to electronic devices makes it possible to 
make metabolic analyses on normal and twnor-bearing animals 
which heretofore were maie indirectly. 


Proposed course of project: To develop new and finer adaptations for 
the measurement of metabolic changes; for example, development of 
automatic computation of the large volume of aveilable data. This 
will require the construction of new gas-sensing elements having 
proper electrical characteristics compatible with the operating 
cequirements of existing analog computers. 


Fart B ineluded Ho 
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Serial No. NCI-900 
Leboratory of Physiology 
Cancer Physiology Section 
Bethesda, Md. 


PHS -NIH 
Individual Project Report 
Calendar Year 1959 






\ 


; Part A. 
Project Title: ' Studies in Tumor-Host Relationships 
Principal Investigator: Julius White 


B Other Investigators: Fiorence Kate Millar and Jane Nicolet Toal 


Man Years : 
Total: 8 
Professional: 5 
Other: 5 


Project Description: | 


Objectives: To continue the study of the growth-stimulating factor(s) 
present in tumor tissue: A) To define the role of sodium as a 
dietary factor responsible for weight changes in tumor-bearing — 
rats. B) To observe the influence of tumor tissue dietary facto.s 
on the changes in nitrogen utilization and the aa in electrolyte 
metabolism which occur during tumor growth. 


¢ 
b 


Methods Eeconede Sprague-Dawley rats bearing either the Walker 256 
tumor subcutaneously or the Murphy-Sturm lymphosarcoma intra- 
musculerly were maintained in metabolism cages on any one of the 
following diets: (a) a 20 percent casein control diet (c-20) 
adequate for optimal growth of normal rats; (b) a diet with 
lyophilized Walker tumor tissue replacing casein as a nitrogen 
source (T-24) (the sodium level of this diet was about 3 times 
that of the C-20 diet); (c) a 20 percent casein diet which con- 
tained either the sodium equivalence of the T-2) diet (C-20 + 0.9) 
NaCl) or twice the sodium equivalence (C-20 + 1.8 NaCl). 


Food and water intake were measured and urine and feces 
collected daily. Urinary excretion of Na, K, Cl, phosphorus, totel 
nitrogen, urea, NHs, allantoin, and creatinine were measured. A 
procedure for analysis of Na and K in solid materials (diets, fe 
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G@ried carcasses, and tumors) was developed involving a wet diges- 
tion with HeSO, and HNOg and subsequent measurement of the Na and 
< K in the digestion solution. For Cl content of diets, carcasses 
and tumors, the Schoniger catalytic combustion technique was used, 
followed by Cl measurement with a Cotlove titrator. Daily nitrogen, 
sodium, potassium, chloride and water balances were calculated, the 
water balance being based solely on the difference between water 
‘intake and urinary output. In a few experiments tumors were re- 
moved surgically during the course of the balance study. At the 
end of the balance study period (usually after 25-35 days of tumor 
growth), animals were sacrificed and carcasses and tumors lyophilized 
for analysis. in some cases the necrotic center of the Walker tumor 
was separated from the viable outer shell and the two portions 
analyzed separately. 


Major Findings: The daily Na excretion of normal rats was dependent 
on the Na content of the diet ingested. Rats bearing the Walker 
tumor showed a drop in urinary Na beginning 15-20 days after 
tumor implantation even though the rets were in positive nitrogen 
balance. This drop in Na excretion occurred in rats ingesting any 
of the experimental diets. For example, the daily urinary Na of 
rats on the C-20 diet eventually fell to about 10 percent of the 
normal daily output; on diets containing more salt, urinary Na fell 
to 50 percent of normal. The drop in Na excretion represented an 
increased Na retention which was maintained throughout the ensuing 
period of tumor growth. Chloride and water followed the Na pattern 
while K remained relatively unaffected. 


Periodic single supplements of NaCl were given to normal 
rats on the C-20 diet and to the same rats after Walker 256 tumor 
implantation. During the normal period and the early stages of 
tumo.: growth (prior to 15 days), 80 to 100 percent of the dose was 
excreted. Twenty-five days or more after tumor implantation, salt 
"supplementation" resulted in almost auc irihes retention (80-97% of 
the administered Na was retained). 


The adrenals of rats bearing the Walker tumor and ingesting 
the C-20 diet showed marked hypertrophy when compared with edrenals 
from normal rats. This hypertrophy was characterized by eniar 
ment of the zone glomerulosa. Adrenal hypertrophy was conside 
lessened and the zona glomerulosa reduced in tumor-bearing rats in- 

‘ gesting either the T-2 or the C-20 + NecL diet, presumably as a 
result of the increased level of Na in the diet. 






ee 
4 


at Nth i 


aN ‘ 
by 


Melt 


iy 


wy 





-3- Serial No. NCI-900 





Preliminary balance studies with rats-bearing the Murphy- 
oe Sturm lymphosarcoma intramuscularly have been carried out to 
= ascertain the roles of. necrosis and tumor size in relation to Na 
_—syetention. In rats bearing this fast-growing, relatively non- 
necrotic tumor and ingesting the C-20 diet, the daily urinary Na 
output fell to 4 minimal level after only 9 days of tumor growth, 
“es remained low for 5-7 days, and then rose to normal levels. The 
; return to normal after 7 days of this Na excretion contrasted markedly 
with that of Walker tumor-bearing rats on the same diet. The weights 
of the lymphosarcomas at sacrifice were 31 to 42 grams. Wo hypsr- 
«| igaeeath trophy of the adrenals was observed in animals bearing the lympho- 
«Sarcoma. 


The 1958 Annual Report deseribed the gradual increase in 
allantoin excretion during tumor growth, the effect of diet on the 
allentoin excretion pattern of tumor-bearing rats, and the imme- 
diate reduction in allantoin excretion which followed surgical 
removal of the tumor. ‘This study was extended to include the 
effect of tumor exticpation on Na excretion and allantoin excre- 
tion simultaneously. A rat bearing a Walker 256 tumor was fed 
the T-2h diet for 20 days until daily analysis showed Na retention 
and elevated allantoin excretion. Upon removal of a 53-grem tumor, 
the Na and allantoin levels returned to normal within 72 hours. 
Six days after tumor extirpation the Na excretion begen tc decrease 

and the allantoin excretion to increase; a small mass was palpable 
at the original site. On the ninth dey an 18-gram tumor was re- 
moved and again the Na and allantoin returned to normal. 


Significance to the program of the Cancer Institute: The study of 
electrolyte changes in both tumor and host and the correlation of 
electrolyte metabolism with nitrogen utilization should yield in- 
formation on the competition of the tumor and the host for avail- 
able metabolites. 


Proposed Course of Project: Stwhies of the growth-stimuleating prope:- 
ties of tumoc tissue will be extended to factor(s) other than the 
already identified Na, with special interest in their effects on 
the changes in nitrogen utilization and changes in electrolyte 
metabolism which oceur during tumor growth. 


Continuence of present studies will: (a) provide informa- 
tion on the role of tumor size in evoking and sustaining Na reten- 
tion and adrenal hypertrophy, (b) enable us to ascertain whether 
the coincident Na and allantoin excretion effects during tumor 
growth may be related, and (¢) show the carcass-tumor distribution 
of the Na retained by the tumor-bearing rat. 


Part B included Yes 
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-PHS-NIH 
individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 


Publications other than abstracts from this project: 


paw 


Millar, F. K., Brooks, R. H., and White, J.: Stimulation of 
appetite and growth in the tumor-bearing rat by a variety 
of tissues. J. Nat. Cancer Inst. 22: 685-696, 1959. 


White, J., Toal, J. N.,; Miller, F. K., and Brooks, R. Ho: 
Walker carcinosarcoma 256 tissue as a dietary constituent. 
Iii. Scdium as a factor in stimulation of water and food 
intake and growth in tumor-bearing rats. (Accepted for 
publication; to appear in J. Nat. Cancer Inst., Jan. 1960.) 
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Serial No. NCIL=-905 
- Laboratory of Physiology 
Cancer Physiology Secticn 
Bethesda, Mi. 
PHS =I 
Individual Project Report 
Calendar Year 1959 
Part A. | 
Project Title: Icdide Concentrating Mechanism of the Thyroid Glend 
Principal Investigator: Seyuaur. H. Wollman 


Men Years (ealentar yeer 1959): 


Wotels 
Professionel: 1/3 
Other: 1/3 


Project Description: 


Objectives: To learn shout (a) the mechanism by which the thyroid glend 
maintains e, concentration of iodide elevated above that in the blood, 
and (b) the mechanism by which the thyroid gland aceumuletes protein- 
bound iodine. 


‘Major Findings: This year most of our work on this project has been 


theoretical. We have set up simple models of the thyroid gland 

and obtained from them a quantitative understanding of rates of 
binding of radioiodine, rates of transport of radioiodide into and 
out of the thyroid, rates of equilibration of radioiodide between 

the thyroid giand and blood, and of the clearance curves. These 
models are an extension of earlier published models, where organic 
binding is blocked, to the case where binding is permitted. Agree- 
ment between the simple models and experimental date is remarkebly 
good except in the case of data from hypophysectomized mice. This 
preparation requires a more complex model with internal heterogeneity. 


Significance to the program of the Cancer Institute: This vork is leading 
to an understanding of the relative importance of various factors 
in controlling the accumulation of radioisotopes by tissues. 


Proposed Course of Project: This project will be continued with some- 


what more emphasis on investigation of the role of blood flow to 
the thyroid in the accwmletion of radioiodine by the thyroid gland. 


Part B inclwied Yes 
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PHS-NIA 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awerds, and Publications 


Publications other than abstracts from this project: 


Wollman, S. H., and Reed, F. Eo: fransport of radioiodide between 
' . the thyroid gland and blood in mice and rats. Am. J. Physiol, 
196: 113-120, 1959. 


Wollmen, S. Ho: Concentration and organic binding of radioiodide 
by the thyroid glend. Ann. Ne ¥. Acad. Sci. In press. 


Honors end Awards relating to this project: 


Invited lecture: "Concentration and Organic Binding of Radiciodide 
by the Thyroid Gland." Presented at the Symposium 
on Modern Concepts of Thyroid Physiology held by 
the New York Academy of Sciences on Nuvember 5-7, 
1959. 
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Serial No. NCI=-906 
Laboratory of Physiology 
Cancer Physiology Section 
Bethesda, MA. 


PHS -NIH 
Individual Project Report 
Calendar Year 1959 


Part A. 
Project fitle: Properties of Transplantable Thyroid Tumors 
Principal Investigator: Seymour H. Wollman 


Other Investigators: Dr. Edward B. Price, LP NCI 
Dr. Leonard Warren, LPT NIAMD 
Dr. Samuel S. Spicer, LPH NIAMD 


Cooperating Units: NCI, Laboratory of Pathology - 
Dr. Edward B. Price (Serial No. NCI-518) 

HIAMD, Leboratory of Pharmacology and Toxicology = 

Dr. Lecnard Warren (Project Serial No. not 
availeble) 

WIAMD, Laboratory of Pathology and Histochemistry = 

Dr. Semuel S. Spicer (Project Serial No. not 
available) 


Related Project: The Clinical Endocrinology Branch of NIAMD is 
studying some of the transplantable thyroid tumors. 


Men Years: (calendar year 1959) 
L 


Total: 
Professional : 1/3 
Other: — 2/3 


Project Description: 


Objectives: To study properties of transplantable thyroid tumors in the 
vat: Variety of histologic types and their progression, correlation 
of histology with biochemistry and physiology of the tumors. 


Mejor Findings: Some of the lines of transplantable tumors of the thyroid 


glend which we have been studying contain a good deal of intra- 
celluler periodic acid - Sehiff positive materiel. Homogenates of 
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these twnors are very viscous and this suggested the presence of 
mucins. Other lines contained eosin negative colloid. An attempt 
was therefore made to characterize the mucins in almost all our Lines | 
of tumors including those with eosin negative colloid. Many of the 
lines contained acid mucins in the colloid as indicated by staining 
by basic dyes. The acid group was shown to be sialic acid and not 
sulfate by a variety of histochemical procedures including the 
dependence of stainebility on pH and by removal of eretnep ity by 
@ specific sialidese preparation. 


H-C-OH 
CH Yenac 
Sieli a CH 
(e} 
Acido 4 OG 
HOOC (CHOH)a-CH20H 


In rets carrying one of the tumors with intracellular acid mucins, 
the sialic acid level was elevated in serum and urine. 


Some of the more functionally active thyroid tweore contain 
neutral micins ag does the thyroid. Im an autoradiographic study i% 
was observed that in a tumor with neutral micins all follicles 
formed orgenic iodine, whereas in @ tumor with acid mucins in the 
colloid some follicles were non-functional. However, the relation 
of acid mucins to thyroid function is unclear as yet. 


Significance to the program of the Cancer Institute: These tumors are 
‘valueble because of the variety of their easily identified histologic 


end biochemical characteristics. Physiologic studies will give in- 
sights into the correlation of structure and function. 


Proposed Course of Project: Studies of the physiology of these tumors 


will be continued. 


Part B included Yes 
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PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 
Honors and Awards relating to this project: 


Invited Lecture: "Progression in Transplanteble Thyroid Tumors 
Arising in Rats Fed Thiouracil." Presented 
at the Symposium on Conditioning Pactors in 
Reoplesia held at the ennual meeting of the 
American Association of Pathologists and 
Bacteriologists in Boston, April 23-25, 1959. 
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Serial No. NCI-910 
i.. Laboratory of Physiology 
@o Cancer Physiology Section 
3. Bethesda, Md. 


PES -NIH 
Individuel Project Report 
Calendar Year 1959 
Part A. 


Project Title: Tumor Autoradiography 


Principal Investigator: Jemes C. Reid 


Other Investigator: Julius White 
Men Years (calendar year 1959): 
Total : None - Completed project 
Professional: 
Other: 


Project Description: As stated in the last ennual report this project 
wes completed in 1958. It is listed again this year for the pur- 
pose of reporting a publication resulting from the project. See 
Part B. 


Part B included Yes 
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Serial No. 910 
PHS -NIn 
Individuel Project Report 
Celemdar Year 1959 


Part B. Honors, Awards, and Publications 
Publications other than abstracts from this project: 


Reid, Jemes C., and White, Julius: An autoradiographic study of 
tumor dynamics. J. Nat. Cancer Inst. 22: 845-867, 1959. 
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Serial No. NCI-919 
Le@ooratory of Physiology 
Cancer Physiology Section 
Bethesda, Md. 
PHS WI 
Imdividuel Project Report 
Calendar Year 1959 
Part A. 


Project Title: Investigation of Urinary Excretion of Nucleotides 
and their Congeners in Leukemia 


Principal Investigator: James C. Reid 
Cooperating Unite: General Medicine Branch, NCI-4-719 (c) 


Man Years (calendar year 1959): 
2 


Total: 
Professional: 2/3 
Other: 1-1/3 


Project Description: 


Objectives: The purpose of this project is to determine whether there 
is a detectable urinary excretion of nucleotides or nucleosides, and, 
if so, to develop an analytical method for their identification and 
quantitative estimation. The method is also to be applicable to 
free purines and pyrimidines. Tne technique will be used to inves- 
tigate the metabolism of these substances in leukemic petienits. 


Methods Employed: The methods used are primarily chromatographic. 


Major Findings: As was stated in the last report, technical difficulties 
cropped up when the analytical procedure developed earlier was 
applied to urine. The correction of these difficulties has proved 
more troublesome than was expected, new problems tending to erise as 
old ones are disposed of. These range in character from practical 
ones, such as lyophilization losses, to chemical ones, such as the 
effect of vaciation of loading and washing volumes upon tke sharp- 
nese of group separations in the preliminary stripping columns. 


These difficulties have gradually been resolved althouch 
xenthosine recovery is still somewhat low and there remains a 
tendency to non-reproducibility in the performance of the ammonium 
acetate gradient system used for the analysis of the major nucleo- 
side fraction. Both of these effects are probably related to 
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instability of the pH in certain regions of the gradient. It is 
anticipated that the cause of this can be discovered and controlled, 
put so fac it has stood in the way of our publishing the procedure. 
Insofar as the analysis itself is concerned, however, these items 
are not critical ones and urinary analysis hes therefore been 
resumed with the running of a normal control, which is in progress 
at the moment and appears to be going smoothly. The collection of 
leukemic urines has been going on steadily and a number of speci- 
mens are on hand. 


‘With chromatographic problems apparently under control, 
serious consideration has been devoted to the remaining major 
problem to be dealt with, nemely quantitative estimation of the 
individual components of the mixed fractions obtained in the 
urinary chromatograms. Although it was always reasonably certain 
that this could be accomplished, in crude fashion at least, by paper 
chromatography, the complexity encountered in the urinary petterns 
meade 1t epparent that this method would gravely complicate an 
already unwieldy procedure. — 


As en alternative, the possibility of employing differential 
spectrophotometry hag been investigated. It was soon found that a 
limited treatment based on the selection of n points from the ultrs- 
violet spectrum of a mixture of n components does not give accept- 
able accuracy even for simple mixtures. Application of more 
powerful mathematical curve-fitting techniques, however, gives such 
excellent results in preliminary trials that a thorough test of 
the possibilities of this approach is underway. This requires the 
aid of an electronic computer. A program for the IBM-650 has been 
written by Dr. Arnold Pratt, Laboratory of Physiology, and is under 
test. 


Significance to the program of the Cancer Institute: The ultimate ain 
of this project is the accumlation of information concerning dis- 


turbances of nucleic acid metabolism in leukemia and the mechanism 
of the therapeutic action of nucleotide-related analogues as well 
as the mechanism of their toxic side effects. 


Proposed Course of Project: 
1) The development of a standardized analytical procedure based 


on differential spectrophotometry will be a major activity for the 
immediate future. 
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2) The mass of numerical data being generated requires some 
instrumentation for data reduction not only to save time but to 
avoid errors. This will involve digitalization and antomatic 
punching of dats from the Cary spectrophotometer end automatic 
sample handiing equipaent. Additional lyophilization equipment 


must also be built. 


3) Chromatography of urine specimens can proceed while 1) and 2) 
are going on and it is expected that a survey of the acute leukemic 
group will be achieved this year. 


Part B included Yes 


1062 


Batis) 


i 


eM 


Kea 
mai 


aay ee 


Rucitts 
MN ioe 


eet ey 


Hie 


bai 


Pea 


Ns 
Oe ARS 





sen aes Serial No. NCI-919 


“= 


: PES -NIH 
Individual Project Report 
Calendar Year 1959 





Part B. Honors, Awards, end Publications 
Publications other than abstracts from this project: 
| ‘oo, T. Le, Michael, M. Eo, Garceau, As, and Reid, J. Co: 


6-Thiouric acid, a metabolite of 6-mercaptopurine. 
Jo Am Chem. Soe 0 &: 3039-3041, 1959. 
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Serial No. NCI-920 
1. “Laboratory of Physiology 
2. Cancer Physiology Section 
3. Betheeda, Ma. 
PES-NIH 
Individual Project Report 
Calendar Year 1959 


Part A. 
Project Title: Identification of Compound A-20 
Principal Investigator: James C. Reid 


Men Years (ealendar year 1959) 


Total: 1-1/3 
Professional: 1/3 
Other: At 


: Project Description: 


Objectives: Identification of what is believed to be a new amino acid 
found in rat liver. 


Methods Employed: Chromatographic methods are used for isolation of the 
substance. The metheds of physical and organic chemistry ere used 
to accumulate information which will permit an identification. 


Major Findings: Activities on this project have been devoted to organic 
chemistry in an attempt to develop both a synthetic procedure for 
the compound end degradative procedures for converting it to known 
substances. These have so far been unsuccessful but work is con- * 
tinuing . 


Significance to the program of the Cancer Institute: The substance 
being studied is presumably related to protein metabolism which 


hes basic importance in tumor growth. 





Proposed Course of Project: Evaluation of synthetic and degradative 
schemes in progress will continue. 
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Serial No. NCI-925 
Laboratory of Physiology 
Cancer Physiology Section 
p f Bethesda, Md. 


PHS-NIH 
Individual Project Report 
Calender Year 1959 


Part A. 


Project Title: Protein Synthesis and ite Antagoniem in Normal and 
Cancer Cells 


Principal Investigator: Marco Rabinovitz 


Men Years (calendar year 1959): 


Total : Fats 
Professional: jl 
Other: L 


Project Description: 


Objectives: 


a. A comparison of the mechanisms for the formation of protein 
in normal and cancer cells. 


bo An evaluation of the structural requirements for antimetebolite 
activity of amino acid analogues on the protein synthetic mechanism 
of memmalian cells, and an elucidation of the biochemical lesions 
produced. — : 


ce. Extension of the above two objectives to the tumor-bearing 
mouse and rat with the view of selective inhibition of protein 
synthesis in cancer cells. 


Methods Employed: i 


a. Organic synthetic techniques are developed for preparation 
of potential amino acid antegonists. 


b. Ineorporation of carbon-14 lebeled amino acids into protein 


of surviving cells is measured. Such studies involve radioactive 
counting techniques, chromatography, and colorimetry. 
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 @s Subcellular fractions (nuclei, mitochondria, microsomes, 

. ‘soluble proteins) are isolated by differential centrifugation 

_ £com cancer and normal cells which had been treated either in 

_ vitro or in vivo with eminc ecid antagonists and C-14 labeled 

amine seids. The kinetics of the block in amino acid utilization 
by these fractions are evaluated. 





bea. Tumor-bearing animals are placed on various dietary regimens 
and the effects of amino acid antagonism on _tumor growth eae pro- 
es tein synthesis are determined. 


jor Findings: Several amino acid enelogues which contain a sulfur 

- etom in place of a methylene group of the side chain have been 
synthesized. These include 4-thia-L-glutamine, 4-thia-D-glutamine 
and h-this-L-homoglutemine. Two new compounds, 4-thiemethionine . 
and. 4-thiaigoleucine, have been prepared, and an improved synthesis 
for 4-thialysine was developed. Several other analogues, such as 
@-amino-B-chlorebutyric acid (valine antagonist) end Oa ERLE nine 
(isoleucine antagonist) were synthesized. 


We have previously shown that methionine sulfoximine reduces 
by half the protein synthetic rate of washed Ehrlich ascites cells 
because it prevents the biosynthesis of the essential amino acid, 
glutemine. This inhibition has now been shown to be shared by the 
nuclear and cytoplasmic protein-forming systems. 


; The mixed disulfide of methyl mercepten and cysteine, which 
may be called 4-thiamethionine, inhibits protein synthesis by 
Ehrlich ascites cells at low concentrations. This inhibition is 
not prevented by methionine but is by glutathione. The analogue > 
is non-toxic to mice. : 


Certein amino acid analogues which replace their metabolite 
in the early stages of protein synthesis will later block the 
protein-synthetic mechanism. This bicchemical lesion can be 
magnified by the use of several amino acid antegonists: The 
inhibition is only partially prevented in the presence of the 
corresponding natural emino acids. The cause of this phenomenon 
is being investigated. j 


A potent lysine antegonist in the Ehrlich escites cell, 
4-thielysine, is well tolerated by mice on a lysine-deficient dict. 
in vivo experiments indicate that the antagonist will interfere 
with lysine-Ct incorporation in tumor and liver, but not in spleen. 
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Significence to the program of the Cancer Institute: These studies 
utilize the action of amino acid antimetabolites as a means of 


compering protein ansbolism in normal and cancer celle. in addi- 
tion, structure-activity relationship for producing antagonism 

and studies on mechanism of inhibition, both in vitro and in vivo, 
should furnish basic data of potential use for 7 selective inhibition 
of cell types and specific protein-forming systems. 





Proposed Course of Project: All aspects of thie project will be con- 
tinued. 


Part B included Yes 
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PHS “NIH ; 
Individual Project Report 
Calendar Year 1959 


art Bo Honors, Awards, and Publications 





Publications other than ebstracts from this project: 


Rabinovite 9 Mos a Tuve, Ro Ko: Antimetabolite activity of — 

ite lysine analogues on lysine incorporation into rat bone 
marrow protein in vitro. Proc. Soc. Exp. Biol. Med. 
100; 222-22), 1959. 
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Serial No. NCI=9e7 
Laberatory of Physiology 
Cancer Physiology Section 
Bethesda, Ma. 


PHS -HIH 
Individual Project Report 
Calender Year 1959 
Part Ao 
Project Title: Sialic Acid in the fhyroid Gland 


Principel Investigators: Seymour H. Wollman 
Dr. Leonard Warren, NIAMD 


Cooperating Unit: HIAMD, Leboratory of Pharmacology and Toxicology - 
Dr. Leonard Warren (Project Serial No. not 
availsble) 

Related Project: Dr. Robert W. Bates, Section of Endocrinology , 

Laboratory of Nutrition and Endocrinology, RIAND 


Men Years (calendar year 1959) 


Total : al 
Professional: 1/3 
Other: 2/3 


Project Description: 


Objectives: To study how the concentration of sialic acid in the thyroid 
gland varies with physiologic state of the gland. 


Major Findings: The finding that sielic acid, a nine-carbon amino sugar 
derivative is a constituent of the colloid in thyroid tumors led us 
to examine ! 

H-C 0H 
ie 
CHa HUNAc 
Sialic _ o,f \. 
Acid a / No* 
HOOC (CHOH)2-CH2OH 
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normal thyroid glends for sialic acid. We obtained a pure prepara- 
tion of thyroglobulin from Dr. Edelhoch and found that it contained 
one per cent sialic acid. The sialic acid concentration in the 
thyroid gland was highest in glands from bypophysectomized rate, 
less for normals, end least for rats fed thiouracil. The sialic 
acid concentration in the thyroid began to decrease after feeding 
thiourecil for more than 2 hours and reached a minimm by about 
9 days. It is not surprising thet the sialic acid concentration 
was decreased since thyroglobulin is resorbed in the thyroid glands 
of thiouracil fed rats. Since it is believed that thyrogloaulin 
ia proteolysed before thyroxine is liberated, we investigated whetner 
@ product of proteolysis namely free sialic acid could be found in 
the thyroid glend. The concentration of free sialic acid in the 
thyroid was Lower in hypophysectomized rats than in normals. In 
rats fed thiouracil, the concentration of free sialic acid in the 
thyroids was highest when the concentration of total alalic acid 
was decreasing most.rapidly (after approximetely 2 days of thiouracit 
feeding). 





ignificance to the program of the Cancer Institute: Sialic acid is a 
prominent component of scme transplantable Ser tumors. Studles 
on sialic acid in the normal gland were desireable to get insights 
into reasons for the pregence of the sialic acid in tumors. 


Preposed Course of Project: This project will be completed after a fev 
additional studies. 


Part B included No 
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Serial No. NCEI-9LL 
Laboratory of Physiology 
Energy Metabolism Section 
Bethesda, Mi. 


be PHS -NIH 
Individual Project Report 
Calendar Year 1959 
Part A. 
Project Title: Total Metabolism 
| Principal Investigator: NG Wo Prats 
Other Investigators: W. C. White and B. E. Burr 


Man Years (calendar year 1959): 


. Total: 5-2/3 
Professional: 3 
Other: 2-2/5 


Project Description: 


Objectives: The study of the totel metabolism and, particularly, the 
total energy metabolism of normal and tumor-bearing animals. 


Methods Employed: The studies utilize, in addition to routine chemical 
ana physical determinations, the techniques of analytical respiro- 
metry as developed in this laboratory (Serial No. NCI-911, L957 
and 1958). 


_ Major Findings: Energy metabolism studies measure growth of an animal 
as accretions of nitrogen, calories, water and change in the . 
animal's total mess. It is necessary, therefore, to express an 
animal's growth and change in ant composition in terms of these 
variables. 


A systematic study of several nitrogen-calorie relations was 
initiated during the previous reporting period and has been con- 
tinued during this reporting period. We have determined that the 
dry total carcass of a sacrificed ee can be described in ck ed. 
terms by its fat and non-fat content. It was found, too, that th 
nitrogen and calorie content of these two body compartments re- 
mained constant relative to Keal and nitrogen content among individual 
animals over 150 to 300 gram body weight range. It was essumed 
that a dry, total carcass could be considered to be @ mixture of 
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these two entities, and that the proportions of fat and non-fat in 
ea individual carcass could be described by a straight-line func- 
tion on a plot of man N/gm and Keal/gm of dry, total carcass — 
(NCI-911, 1958). 


The equation of the theoretical line was 
mgm N/em = -29.4 Keal/gm + 274 (1) 


As a test of the theoretical line, the dry total carcasses from 50 
animels having body weights ranging from 150-300 grems and elso 
having been maintained on various diets were exemined for nitrogen 
and calorie content. Using the principle of least squares, a 
straight line was fitted to the data Pore. The equation of the 
Pitted Line was 


mem N/em = -29.2 Keal/em + 273 (2) 


The good agreement between equations 1 and 2 is apparent. Vesa 
of ean animal about the theoretical line was 3.6129 (mgm N/gm)® and 
the standard deviation was 1.9 mgm N/gm. The 99% confidence Limit 
was approximately two standard deviations. Further analysis re- 
veals that the variation about the theoretical line is primarily 
animal variation. In fitting the experimental line, it was as- 
sumed, that the value for Keal/gm was given and the value of mgm 
N/gm was varying. Both variables, however, can vary in this system; 
therefore, an extensive bivariant analysis is being carried out in 
an effort to establish the expected normal variation within rather 
precise limits. In this way the nitrogen-calorie relation will 
give a measure of gross body composition and also an indication of 
chenge in elemental composition of the fat or non-fat compartment. 
This would be indicated, of course, by experimental points which 
fell outside the zone of normal variation. 


With the development of this mathematical technique, it,ap- 
pears profitable to study the change in gross body composition and, 
if present, change in elemental composition of the carcass cf the 
tumor-bearing animal. Such experiments are now in progress. 


The available data, though insufficient, indicate that the 
carcass of the tumor-bearing animal undergoes severe gross composi- 
tionel changes during tumor growth but that no discermible change 
in elemental composition occurs. This is a point of considerable 
importance: first, in understanding the general metabolism of the 
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tumor-bearing animal and, additionally, in the construction of a4 
mathematical model from which one cen predict, solely from the 
energy metabolism deta, the tumor growth and the change in car- 
cass weight and composition. To this end, the derivation of a 
satisfactory mathematical model based on the nitrogen-calorie, 
weight change relations is our most important objective. 


Measurement of the animal's total energy metebolism in- 

volves both indirect and direct calorimetric techniques. It would 

Be appear thet we have achieved a routine operation of the direct 
eelorimeter with controls that compensate for wide variations in 
the tempe-.ature of the water supply and for moderate variations in 
room temperature. A routine study involves four to six days of 
continuous animal observation divided into two-or three-day pericds. 
The equipment has been modified to record data on punched paper 
tape, which when converted to punched cards can be processed in 
the I].I.H. computer (IBM-650). The computer program has been 
written by our group and thus allows for the necessary flexibility 

. for processing the data. 


The present experiments are designed to measure heat pro- 
duction and heat loss, thus providing a measure of calorie balance 
in the tumor-bearing animal. A prime objective is to determine 
the agreement between the indirect and direct calorimetry of the 
tumor-bearing animal. At present we ere beset with changing 
electrical characteristics of the carbon dioxide transducer. We 
are unable to compensate for these electrical changes end have been 
| forced to undertake re-instrumentation of the carbon dioxide trans- 
| ducer. A considerable amount of progress has been made. 


eer During this reporting period both the routine analytical 
. and isctope mass spectrometry have been consolidated under Mr. Bury. 
fhe majority of the work in this area relates to the routine activ- 
ities of the laboratory. However, a number of pilot research pro- 
Jects have been completed in an effort to better utilize the 
analytical instrument in our physiological investigations. One 
such project which will be pursued further is the measure of an 
oxygen balance in hopes that an independent measure ef metebolic 
water can be achieved. Additionally, Mr. Burr is collaborating 
with members of the Radiation Branch in a study of the abstraction 
reactions of hydrogen atoms in radiochemical reactions of organic com- 
pounds in aquecus solutions (NCI-697). 
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; ei eicunce to the program of the Cancer Institute: Studies of the 
Bhisys total energy metabolism offers the single precise means of de- 


termining an animal's general metabolic response to disease. In- 
_ terpretation of the total energy metabolism data as 3 chenge in 
the physiologic stete of the animal will add immeasurebly to the 
definition of the disease boaen 
: \ 
Proposed Course of Project: To continue the evaluation of nitragen- 
aH calorie relationships in relation to body composition and total 
energy metabolism in the normal and tumor-bearing animal. 


Part B included Yes 
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PHS -NIH 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Awards, and Publications 
Publications other than abstracts from this project: 
Pratt, A. W., and Putney, F. K.: Gross body composition and totel 


energy metabolism in normal rats. Am. J. Physiol. 197: 660- 
666, 1959. 
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Serial No. NCI-9Lh 
Laboretory of Physiology 
Physical Biolegy Section 
Bethesda, Md. 


PHS -NIH 
Individual Froject Report 
Calendar Year 1959 


Part A. 


Project Title: In Vivo Measurement of Tumor pH with the Capillary 
Glass Electrode 


Principal Investigator: H. Kehler 


Man Yeers (calendar year 1959): 


Total : 2 
Professional: 1/3 
Other: _ 1-2/3 


Project Deseriptions 


Objectives: The object of this project is. to determine the in vivo pH 
of tumors under different experimental conditions. 


Methods Employed: WFine-pointed glass electrodes, selected after pass- 
ing rigorous tests, were inserted into tumors in the leg mecle 
of rats and the pH recorded for several hours. At the end of the 
first hour, glucose was injected intravenously or intraperitoneally, 
amd the effect of this upon the pH observed. At autopsy, the posi- 
tion of each electrode was determined with respect to the gross 
anatomical features of the tumor. 


‘Mejor Findings: In contrast to previous work in which the glucose was 


injected intraperitoneally, the intravenous injection produces 4 
different blood condition. The intreperitoneal glucose causes 
fluid to flow from the blood stream into the peritcnesl cavity and 
hence causes a dessication of the extra-peritoneal body. On the 
other hand, the intravenous glucose injection causes an increased 
blood volume which is repeatedly seen to enhance the blocd volume 
in tumors. On our pH diagrams the intravenous injection causes 4 
more rapid drop in pH and a more rapid return to normal levels. 
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The Novikeff Hepatoma which becomes necrotic wes used to 
test the pH drop of necrotic versus solid tumor tissue after 
intravenous injection of glucose. [It was found that the solid 
tumor tissue gives several times the pH drop of the necrotic 
tissue. In 12 necrotic and 25 non-necrotic tumors the pH drops 


were 0.16 pH and 0.65 pH units, respectively. 





genie > to program of the Cancer Institute: The pH of twmor 
tissue is essential te an understanding of chemical processes in 


the twmor. 


Proposed Course of Project: It is expected that this project will be 
concluded during the next year. 





Part B included No 
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Serial No. NCI-915 
Lsboratory of Physiolcgy 
Physical Biology Section 
Bethesda, Md. 


PHS NIH 


Individual Project Report 
Calendar Year 1959 


Part A. 

Project Title: Celluler Particulates 

Principal Investigator: H. Kahler 

Other Investigator: Bolivar J. Lloyd, Jr. 

Cooperating Units: BCI, Leboratory of Biology, Leukemia Studies 
Section - Dr. L. W. Lew (Serial No. NCI-427) 
NCI, Lavoratory of Pathology - Dr. C. J. Dawe 
(Seriel No. NCI-52la) 
NIAID, Laboratory of Infectious Diseases - 
Dr. HW. P. Rowe (Project Serial No. not available) 


Men Years (calendar year 1959): 


Total : 2-1/3 
Professional: 2/3 
Other: . 1-2/3 


Project Description: 


Objectives: Parotid Tumor Agent or Polyoma Virus -- The relation between 
concentration of particles as determined by electron microscope 
technics and various biological effects. 


Methods Employed: Partially purified virus was sedimented on to 
collcdion films mounted in ultracentrifuge cells. The concentra- 
tion of the virus was then determined by counting electron micro- 
scopic images of the virus. Dilutions were then injected into 
newborn mice for tweor induction assays. Aliquots vere also used 
for cytopathogenic effects, HA and HE titer. 


Xt is not possible to report on the results of this work for 
another 6 months. 
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Mejor Findings: Experiments started 1-1/2 years ago with Drs. Stewart 
and Eddy were concluded. These preliminary tests were to find in 
whet size class their polyoma virus was. Tigsue culture fluide 
were centrifuged in density gradients, and fractions teken from 
the ultracentrifuge tubes were injected into newborn mice. At 
death these were autopsied by Dr. Stanton for tor oceurrence. 
The conclusion reached from these experiments was that the size 
of the virus particles was consistent, within lerge error limits, 
with the velues found later from electron microscopy. 


Preliminary tests on Moloney's Leukemia virus obteined 
from mouse spleens showed that there was a similarity of particles 
in the mouse tumor and the normal spleen control. Methods for 
differentiating between nornal and virus particles must be 
utilized. 


Cell-free flitrates of Murphy-Sturm Lymphosarcoma extracts 
were found to induce bony growths in young rats which covld be 
propagated by cell-free extracts of the growths. It turned cut 
that these effects were caused by pleuro-pneumonia-like organisms 
(PPLO) which seem to grow well in certain tumors. No evidence 
was obtained to implicate a virus in the propagation of this twoor. 


to_the program of the Cancer Institute: Provides evidence 


~ bearing on the virus concept of some cancers. 





Proposed Course of Project: Continuation of the same type of work on 
other virus strains, as well as further detailed study of the seus 
virus. 


Part B included Yes 


L073 





Be) 


i fi i 


. 

7 
va) 

san 


; 
a vs 
ety 
ui 
sh 






A ‘ =~ 
o Paar ee 
WOE in 


ieention 
Ni 








ae 


eau 
mle 
iy 











= % = Serial No. NCI-915 
PES Wi 
Individual Project Report 
Calendar Year 1959 


Part B. Honors, Avards, end Publications 
Publications other than abstracts from this project: 
Kahler, He, Rowe, Wo P., Lloyd, Bo Jo, and Hartley, J. Wo: 
Electron microscopy of mouse parotid tumor (Polyoma) 
VLEUS « Je Rat. Cencer inst. 22: 647-657 » 1959. 
Gavin, M. A., and Lloyd, B. Jo: Knives of high silica content 


glass for thin-sectioning. J. Biophys. end Biochen. 
Cytology 5: 507 (only), 1959. 
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Serial No. NCI-916 
Lsboratory of Physiology 
Physical Biology Section 
Bethesda, Md. 


PHS-NIH 


Individual Project Report 
Calendar Year 1959 


Part A. 

Project Title: Chsrecterization and Comparison of Nucleic Acids, 
Nucleoproteins, Nucleases, and Nuclease inhibitors 
of Normel end Malignent Tissues end of Body Fluids 

Principal Investigator: Joseph Shack 


Men Years (calendar year 1959): 


Total : 1-1/2 
Professional : 1/2 
Other: 1 


Project Deseription: 


Objectives: 


a) To determine whether the nucleic acids and nucleoproteins of 
normal and malignant tissues differ in physical, chemical or 
biological properties. 


b) Po determine the nature and emount of nucleases and nuclease 
inhibitors present in tissues and body fluids. 


c) To develop new procedures for the study and characterization 
of nucleic acids. 


Me Employed ; 
ea) Procedures for isolation of nucleic acids and nucleoprotsins; 
controlled modification by heat, acid, alkali, enzymes, etc; study 
of these by various chemical and physico-chemical procedures. 


b) Various procedures for preparation of extracts of tissues and 
body fluids suitable for assay of enzyme or enzyme inhibitor. 
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Major Findings: 


a) Further investigation of the interaction of deoxyribonucleate 
and magnesium ions indicated that 


1) the binding fis essentially independent of pH in the 
renge where no titration of the nucleate occurs, and 

2) the quantity of Mg bound is strictly proportional to 
the concentration of DNA at a given free Mg ton concen- 
tration. 


b) Trypsin destroys the DNase I inhibitor derived from human white 
blood cells both in the absence and in the presence of DNase I, 
but dces not affect the DNese I. This destructive action of trypsin 
can be prevented by the presence of soybean trypsin inhibitor. 

fhe destruction of DNase I inhibitor by a factor present in human 
serum is, by contrast, not prevented by this soybean inhibitor. 
These findings have provided the basis for methods of assaying 
Diase I inhibitor in the presence of a relative excess of DNase TI 
and of assaying DNese I when inhibiter is present initially. Use 
of these procedures have shown that normal humen urine, which con- 
tains large amounts of DNese I, conteins no soluble DNase I inhib- 
itors. 


ignificance to the program of the Cancer Institute: The significance 
of research on nucleic acids and nucleoproteins in connection with 
the cancer problem is related to the key role of these substances 
in genetic processes, bacterial and viral transformations, virus 
reproduction, protein synthesis. Interest in nuclease and nuclease 
inhibitors relates to the necessity of controlling DNase action 
during isolation of DNA, particularly if they are to be tested for 
biological activity. In eidition, it is possible that the amount 
and nature of the enzymes and enzyme inhibitors may be in some way 
related to the growth of tumors present in the host. 





Proposed Course of Project: 


a) Further comparison of nucleic acids and nucleoproteins derived 
from normal acid malignant tissues. 


b) Further studies of the nucleases and nuclease inhibitors of 
the body fluids of normal humans, cancer patients, and appropriate 
experimental animals. 

In view of the rather specific association of high Di¥ase i 
inhibitor content with the white cells of blood, it is contemplated 
that considerable attention will be given to studies of this sub- 
stance, particularly in relation to various hematological diseases. 


Part B included Yes 
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PES -NIB 
individual Project Report 
Calendar Year 1959 


Part B: Honors, Awards, end Publications 
Publications other than abstracts from this project: 
Shack, J., and Bynum, B. S.: Determnation of the interaction 
of deoxyrivonucleate and magnesium ions by means of a 
metal, ion indicator. Nature 184: 635-636, 1959. 
Sheek, J.: The influence of sodium and magnesium ions on the 


action of deoxyribonuclease II. J. Biol. Chem. 234: 
3003-3006, 1959. 
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Serial No. NCI-926 
Laboratory of Physiology 
Physical Biology Section 
Bethesda, hid. 


PHS-NIB 
Individual Project Report 
Calendar Year 1959 





‘ Part A. 


Project Title: Purification end Characterization of the Myxoma 
Virus Transforming Agent 


j 
| 
Principal Investigators: Joseph Shack end 

: . Lewrence Kilhem, Division of Biological 
j Standards (Project Serial No. is not 
. 
| 
; 


available) 
. Men Years (calendar year 1959): 
Total: ife 
Professional: 1/2 
Other: 6) 


Pro jecs Deseription 


Objectives: Work during this year wes concerned with both transforming 
. agent prepared from myxoma virus a) by heat alone (TAM) and »b) by 

4 a combined heat-urea treatment (UREA-TAM). A major objective was 

to purify these to a state suitable for study by methods of chemis- 
try and electron microscopy es well as in terms of their transforming 


potency . 


- Methods Employed: Procedures for preparation of transforming agents 
; and determination of their susceptibility to various enzymes. 
Numerous methods used in preparation of viruses and viral products, 
e.g. differential sedimentation, genetron treatment, etc. 


Major Findings: 


a) Attempts at substantial purification of myxoma virus as well as 
] ‘of transforming agents from extracts of tumors were without success. 
Later work involving myxoma virus grown in tissue culture was, 
however, very promising in this respect. It was found that active 
trensforming agents could be prepared from the tissue cultures 

as well as from extracts of twnors. 
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b) Attempts to isolate an active separated (deproteinized) nucleic 
acid by the phenol procedures were unsuccessful. 


ec) In edition to differences in susceptibility of TAM end UREA- 
TAM to deoxyribonuclease (reported last year), significant differ- 
ences were found in the behavior in different types of tissue 
culture. TAM is effective in a variety of cultures such as 
squirrel and monkey kidney, rat embryo, and rebbit kidney 

(either domestic or cottontail). UREA-TAM was active only in the 
kidney cultures derived from rabbits, the natural host of both 
fibroma and myxoma viruses. It was found that both TAM and UREA- 
TAM can enter the cells alone (in absence of fibroma virus); 
however, any UREA-TAH that enters is destroyed in a relatively 
short time (15 minutes to 3 hours in different experiments), 
whereas TAM remains undestroyed for as long as 3 days. 


ignizicance to the Progrem of the Cancer Institute: The significance 
is related to a role of viruses in cancer etiology. 





Proposed Course of Project: This project was ended in September 1959 
es a result of the termination of Dr. Kilham's virology program. 
it ig hoped that the techniques and approaches developed in the 
course ef this project will find application in other projects 

“ now under consideration. 


Part B included Yes 
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PHS -NIA 
individual Project Report 
‘Calendar Year 1959 


Part B. Honors, Avards, and Publications 
Publications other than abstracts from this project: 
Shack, Jo, and Kilham, L.: Relation of myxoma deoxyribonucleic 


acid (DKA) to fibroma-myxoma virus transformation. Proc. 
Soe. Exp. Biol. Med. 100: 726-729, 1959. 
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Calendar Year 1959 
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Part A» 
Project Title: — / 


Development, Fabrication and Maintenance of Specialized 
Equipment for Radiation Research 


Peincipal Investigator: 
Calvin R. Mencken 
Other Investigators: 
Maward J. LeBrun and Ralph C, Whittaker 
Cooperating Units: 


None 
Man Years (calendar year 1959) 
Total: 3 
Professional: 2 
A Othar: 1 


Project Description: 


Objectivess To design and fabricate laboratory instruments 
and devices that are not available on the open market, and/or — 
incorporate refinements to said devices to make them appli 
cable for the unusual services that are required in radiation 
research, To service or assist the investisators in servicing 
such equipment as the Van de Graaff generators and fabricate 
special parts for same, as requested by said investigators, 

To service less significant equipment as requested, The 
accompanying list of projects is condensed and does not give 

a complete or wholly accurate description of every task tes i 
The more significant oes will be designated by an asterick (x 
If more complete and accurate information is desired, it is 
su7-cested that the investigator whose name accompanys the itan 
be consulted, 


It will be noted that a part of the 1{ist is involving Glass 


Blowing. This will be listed separately and will. be dasignated 
as such, 
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Project Description: (Continued) 


Major Projects: Radiation Branch ~ 


Dr. Howard Andrews: 
Fabricate miscellaneous parts for, and assist in repairing 
and servicing 3 Mev Van Der Graaif, 
Rebuild rotating device for 3 Mev. 
Nodify TV camem supsort. 


Mrs, Peterson: 
Design and fabricate, pivoted mouse cage to determine 
radiation ressonse., . 


Mr, Murphys 
Fabricate ionization probes as requested. 


hr, Robert Svairs 
Desien and fabricate device to motivate ionization chanber by 
-remoted control. 
Fabricate I[sodose Scanning device, 
Fabricate ionization charbers for continuous monitoring of 
2 Mev x-ray beam. 
3 Desisn and fabricate boring device to machine the cone of 
: the 2 Mev. 
Service to 2 Mov, Lifting mechanism, 


Dr, M, Elkind: 
; Build UV radiation apparatus for cellular work. 
Fabricate fixture for maintaining control temperature of 
mammalian cells during radiztion, 
Convert lantern slide projector for the purpose of exarin’n 
fixed and stained colonies on petri dishes, 
Fabricate cas fixture for petri dishes during phase microscopy. 
Microscope marking device for marking cones on petri dishes. 


eg 


Ce a ee 


Dr, S. Sneider: 
Design and fabricate skull clamp for radiation treatment of 
the head and neek. - 
Yabricate treatment wedves as ver specifications, 


Dr, UU. Suite 
Development of needles for interstitial radiation therapy 
with cobalt and irididium wire. 


Si ee a ee cen i + Sa ta) 


a Dr. K. Brace: 

Develop adjustable tubular cauges for measuringz treatment 
distances, 

Design and fabricate remote hydraulic control for Luxicon 
Gamera, 
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Project Description: (Continued) 


Dr, P. Riesz: * 
Fabricate holder for syrinze radiation, including a 
monitoring ionization sharher to be used on 250 KVP 
X-ray machine. 


Dr, Maxwell: 
Modify recorder to ovll paper chromatographs across fas 
flow counter at same speed as chart. 
Fabricate hot air heater bath for low CITB SNERESS evapora - 
tion of corrosive liquids. 


Dr. Falconer Smith: 
Fabricate agglutination test rack, 
Desion ani fabricate automatic drain for colorimeter, 


Miss f!, Gump: 
Adapt dissectin: microscopes and investisating microscope 
to be used in technique for making window transplants, 
flso associated toolins reavired for window splints, etc. 


Glass Blowing: 
* Develop and frabricate special petri plates so 
designed te minimize shadow effects in ultra violet 
experiments, 


* Fabricate special tissue culture tubes with 
optically flat sides. 


De, Elkind: ; 
x Fabricate modified type T-60 tissue cultures flasks. 
Wabricate glass cylinders, 
Repairs on vacuum apparatus, 


= 


Dr. Maxwell: 
Fabricate chromatocraphy colums, 
Repairs on water still. 
Fabricate condensors. 


Dr, Falconer Smith: 5 
% Fabricate tubes with optical bottom for photographic study. 


Dr, Uoward Andrews: 
Tabricate glass cylinders for use with 3 Mev, 
* Fabricate electrede assembly for radiation purposes. 


Dr, P, Reisz: 
* Fabricate degassing apparatus used in radiation exveriments. 
* Fabricate quartz distillation apparatus, 
Fabricate glass discs, 
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Dr. Robinson: 

Fabricate atomizers. 

Fabricate special type drying tubes. 
Dr, Rose: 
Modify Erlenreyer flasks, Containing internal yell. 


Department of Physiology 


Dr, Pratt: 
- Modified thermal conductivity cell block with dual 
construction. 
Fabricate lucite humidity cells. 


Dr, ¥, K, Millar: 
Specially constructed aluminum support for lyophilizer. 


Dr. M. Rabinovitz: 
Stainless steel drying racks for chromatography paper. 


Or. Kahler: ; 
fodifications to ultracentrifuge rotor. 


B, E. Burrs 


Miscellaneous adaptations and medifications for mass 
spectrometer, 
Dr. Reid: 


- Glass Blowing: 

# Fabricate glassware for modified lyophilizing apparatus 
using glass pipe. 
Pabricate chromatography columns. 


Dr, Pratt: 
Glass Blowing: 
Fabricate monometer with tungsten electrodes. 
Repair glassware. 


Dr, Rabinovitz: 
Glass Blowing: 
Modify Warburg flasks, 


Dr, Whites 
Glass Blowing: 
% Fabricate lyophilizing apparatuz. 
fabricate all glass separators. 
Mr, Burr: 


Fabricate nitrogen condensor for same. 


Dr, Kahlers 
% Fabricate all glass gon 


Yesf 7 No TI 





B ineluded 


# Fabricate gas sampling tubes for use in mass spectrometer 


# Fabricate control valve for liquid nitrogen automatic filler, 
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Serial No. NCT-642 
fink 1. Radiation Branch 
zs 2, Rad. Biol. Sect. 
3. Bethesda, Md. 
-PHS=NIH 
individual Project Report 
Calendar Year 1959 


Fargas ‘ 
Project Title: 


Antibody Production in Irradiated Mice: Effect of Chronic 
end Intermittent Exposure to Ionizing Radiation. 


Principal Investigator: 
Faleoner Smith a 
Other Investigators: 
Marie Mo Grenan, John Omens 
Cooperating Unite: | | 3 
None 
Men Years leaNendar year 1959) 
Totals 11/3 
Professional: 1/3 
Other: 1 


’ Project Deseription: 





Objastives: To determine the effects of ehronic ganma 
radiation exposure on antibody formation and to observe 
details of timeedosa relationships in split radiation 
exposures ag measured by the Cavact yi of mice to form 
specifie antibody. | 





Mgthode Employed: 1) Exposure of mice to cobalt®° source 

is mine arranged. At present the calibration of the source 
is under vay. 2) Exposure of mice to a atandard x-ray source 
is being carried on. 





Major Findings: 1) Recovery of immuns responses after two 
dogee of z-rays given at varying intervals of time demon- 
Sirata a relationship apparently comparable to observations 
mada in studies of lethality associated with split xray 
exposures, 2) Multiple radiation exposures are cumilativ 
in their injurious effeet on the immmne response in. mice 
although the injurious effect is not apparent in so far as 
cireulating white blood eet gount is conssracd, 





Sexial No, NCI-6h2 


simificante to canter research: Studiea attempting to 
clarify ths nature of chronic and mAitiple radiation injury 
to pro¢cesseg of protein synthesis is germane to standard 
radiation therapy procedures. 


Proposed course of project: Chronic exposure studies with 
mice ef various ages, uging the newly developad Co®° soures 


are to begin. Zsray exposure atudies with divided doses 

ere nearing completion. Chronic exposures of splenectomized 
mics will be undertaken in order to determine the role of the 
spleen in antibody formation in sueh preparations. 





Part B ineluded 
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Serial No. NCI-6h2 


PRS<NiH 
Individual Project Report 
' Celendar Year 1959 


Fart Be 


Honors, Awards, and Publications: 





Kemolysin formation in mice foliewing partial, total 
Fries of spleen frenentantetien. Proc. See. JOl: 
362, 19 


Honors and ease relating te this peo}eets 


None 
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Serial No. NCI-659 
1.: Radiation Branch 
2, Rad. Biol. Sect. 
3. Bethesda, Maryland 


: - pHS.NIK 
Individual Preject Report - 
Calendar Year 1959 
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Project Titles : 
Action of Enfotexin in Irradieted Animals: Reduced Mortality; 
Increased Resistance to Infections Advanced Hematepoletic 
Reeevery o 

Principal Investigator: 
Wallie W. Smith, Ph. D. 

Other Investigators: 
Iie MH. Alderman and Ruth G. Simpson. 

Cooperating Units: 
None 


Man Years (calendar year 1959): 


Total: b/s 
Professional: 1/5 
Other: 3/5 


Project Deseription: 


Objectives: To determine the effects of bacterial endotoxine on 
the irradiated animal and to discover the physiological changes 
responsible for sueh effects, ; 


Fethods Employed: Endotoxins are injected before or after ir- 
radiation and effects noted on: (a) mortality; (b) resistance 
to experimental infection; (c) hematopoistie recovery. 


Mejor Findings: In addition to earlier findings we have learned 
that (a) endotoxin, unlike colchicine, is effective in quits 
young animals, (>) endotoxin, uniike colchicine is effective 

in guinea pige and (ce) unlike the aetion of colehicins in mice, 
hametere end rats, endotoxin is effective when given after, but 
not before, irradiation. 


GS 
































Serial Mo, NCI-659- 
Project Deseription: (Continued) 


Significance to Cancer Research: The advance in recovery of 
one marrow cellularity following endotoxin treatrent is of 
basic importence in cancer research. Induction of recovery in 
the irradiated marrow has hitherto been show only following 
the injection of living cells, as nearly as one can judge from 
the literature. The importance of this observation is not 
limited to possible applicability of treatment, but extends to 
the general area of cell differentiation. 


Proposed Course of Project: fforts are being made to discover 
shee processes are involved in the initiation of early recovery 

in the hanopoietic system of the irradiated animals, Sources of 
chemical fractions of the lipopolysaccharide are becoming available 
and.an effert to define the fraction responsible for the initiation 
of hemopoietic recovery will be made. We shall attempt to make 
both a biological and chemical definition. 
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Serial No, MCI-659 _ 
PHS-NTA 
Individual Project Report 
Calendar Year 1959 


Part Bo: Honors, Awards, and Publications 


Publicaticans other than abstracts from this project: 
Smith, W. We, Marston, R. I. and Cornfield, J., Patterns of 


Henopoietic Recovery in Irradiated Mice. Accepted for publication 
in Blood, . 


Invited to present sore of these findings at the VII Internaticmal 
Gongress for Nicrebiclogy held in Stockholm, Sweden in August of 
igs8, 
@, Brecher » Wo. Wi, Swith and EB. P, Cronkite, Strahlenschuta 
durch Granulozyteu, Chapter in "Physiologie wnd Physiopathologie 
der Weissen Rlutzellen" Edited by H. Braunsteiner, Med, Univ. 
Klinik in Wien. Geors Thieme Verlag, Stuttgart, 

Honors and Awards relating to this project: 


None 
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Serial No, NCI-671 
1, Radiation Branch 
Zo: Rad. Biol. Seet, 
3. Bethesda, Md. 


. PHS=“ TA 
Individual Project Report 
Calendar Year 1959 


Reve JAG 





Project Title: 


Protective Effect of a Colchicine ard Related Compounds 
in Animals Exposed to X-Hadiation 


Principal Investigator: 
Millie . Smith, Ph.D. 
‘Other Tavestigatora: 
Do Ke Alderman and Ruth G. Simpson | 
Cooperating Units: 
| None 


Man Years (calendar year 1959): 
Total: L/5 
Prefessicral: i/§ 
Osher: 23/5 


ote Description: 


Cbjectives: To determine the effects of colchicine and some of 
its derivatives on survival and hemopeiesis in irradiated animals, 


Methods Employed: The material to be tested is injected at the 
times in relation to irradiation and studies are made on 

bone marrow, circulating cells and survivalewith particular concern 

for any evidence of alteration of marrow sensitivity to radiation. 


Major Findings: Mortality is simificantly reduced when these 
comoouncs are administered before (but not after) irradiation. 
UVajor differencas in response are related to age, species and 
time of administration. Bone marrow recovers its cellularity 
and peripheral lymphocytes, . granulocytes, platelets and hemo- 
globin concentration recover earlier wmder the conditions which 
produce an increase in survival, The observation that very young 
aninals do not respond favorably to this ‘treatment may be a clue 
to the mechanism involved, 


Sipnificance to Cancer Research: Any findings which are. concerned 
“ion sensitivity to radiation and recovery from its damaging 
effects are of interest in cancer research and this project 
qualifies wundex both categories, 
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Serial ''o, “CL-671 


Project Description: (Continued) 


Proposed Course of ‘roject: This and related problems dealing 
with recovery cf hemopoiesis will be studied with the view of 
elucidating mechanisms of action, Techniques will include the 
uptake of tritiated thyridine and special cytological preparations, 
Moch of this material is ready to be written up for publication, 


Part B ineluded Yes No {77 
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PHS=SNiA a 
Individual Project Report 
Calendar Year 1959 





Fart Bo: Honors, Awards, an:i Publications 
Publications other than abstracts from this project: 


‘Smith, W. W., irotective iffect of a Colchicine Derivative 
in Mice Exposed to Xeradiation, Science, 127, 30-341, 1958, 


Smith, WY. Ww. and Cornfield, J., Extending the Range of Doses 
Effect Curves for Trradiated. Mice, Science, 128, W73-L7k, 1958. 


Smith, WI, W., Induced Recovery of Blood-Forming Tissue. in 

irradiated Animals, Presented at the Second International 
Conference on the Peaceful Uses of Atomic Pnergy, Geneva, 

Switzerland, 1958. 

¥ onors and Awards relating to this project: 


Fone 
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Serial No. N&T-A7 
1. Radiation Branch 
2, Rad. Biol. Sect. 
=e Be thesda , Mado 


PHS=NTH 
Individual Project Report 
Calendar Year 1959 


Part A. 


Project Title: 


Synthesis of Antibody in C,H mica tearing the Transplantable 
Plasma Coll Tumor, K-5563. 


Principal Investigator: i ee 
| Falconer Smith 
Other Investigators: 
Merde M Grenan, John Owens 
Cooperating Units: 


None 


Men Years (celendar year 1959) 


Total: 11/3 
Professional: 1/3 
Other: 1L- 


Project Description: 


Objectives: Characterization of the ismune mechanism in mice 
pearing the transplanted plasma cell tumr, and to determine 
eonbined effects of radiation and specific antibody on tumor 
eroweh and devsiopment. 


_Eetheds Employed: 1} Serums of mice immunized both with 
particulate (shsep erythrocytes) and soluble (bovine serum 
aibumin) some time after tumor transplant are compared with 
their non-tumor bearing controls as to specific antibody 
eontent. 2) Serun titers are estimated by sensitive immmno- 
chenies? teste involving eléther agglutination of tanned 
sensitised erythrocytes or their hemolytic power. 3) Passively 
trensferred antibody is studied in tumor bearing mice to compare 
its half life with that in control mice. 


Major Findings: 1) Capacity to form antibody both to partisvlate ke 
and soluble antigen can be correlated with size (weight) of the 

tumor. 2} This correlation does not extend to the secondary m= 
gponse, this a well defined secondary immme response, may 52 

elicited in mice bearing tumors of 5 gramg wight or more. 3) 
Failure to detect antibody in mice bearing %=5563 tumrs is not 4 
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Part B ineluded ves [{_/ 





_Serial No. NCI-67h 


Hejor Findings: (Continued) 


hemodilution sinse blood volumes with tumors over f grams 
average only about 1/3 more than their controls. )) No 
evidence was found for possible serum components which would 
interfere with antibody determination. 5) Half life of pas- 
sively transferred antibody is about the same in tumor 
bearing mica as in their controls, hence antibedy, if formed, 
should be detectable. 6} 2000 r tumor dose in a single 

BoE eure caused regression of a tumor. 


Si ficance to cancer research: Development of a sigificant 
‘apscifie antibody useful in treating the tumor ag an adjunct of 
radiation therapy is predicted on a thorough understanding of 
the nature of protein synthesis in the presence of this tumor, 


Propesed_course of the projects Development of a specific 
antibody +0 ‘We tumor will be attempted as an adjunct to 
rediation therapy. 
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Serial No. NCI-676 
1. Radiation Branch 
2. Rad. Biol. Sect. 

= = 36 Bethesda, Md. 

PHSNIH 

Individual Project Report 
Calendar Year 1959 





Part As 
Project Titles 


An Investigation of the Relationship between Cell Division 
and Irradiation Response to X-rays and Ultraviolet in Yeast 


Principal Investigater : 
Mortimer M. Elkind, Ph.D. 
Ocher Investigators: 
ons 
Cooperating Unitss 
None 


Man Years (calendar year 1959): 
Totaiz 6 
Professionals QO 
Others O 


Project Descriptions 


Objectives: Radiation injury, as evidenced by the losg ef 
so reprodictivity or the production of viable mutants, is 
conseptually associated with discrete sites. In yeast, 
cenflicting reports exist with regard to the anatomical 
location of these sites. While most evidence favore the 
nucleus as the region cf primary x=ray damage, RNA containing 
eytoplasmic particulates have been considered to bs tise 
primary UV sites. The latter view, in particular, had been 
strengthened by the apparent absence of a UV insensitive 
#4a31" on previously reported UV survival curves. tha x-ray 
survival curves of haploid through tetraploid yeasts have a 
radLoinsensitive tail which hes been shown to be dua te the 
dividing malety in the population. 


The ebject of this research was te undertake 2 study 
ef ths UV response of amixed population of yeast celis 
(dividing and non-dividing) in order to examine in detalii 
the question of the presence or absence of a UV insensitive 
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Satial No, NGI-676 
SSS 


Project Deseriptions (Continued) 


Methods EmpLoyeds The methods amployed consisted of the 

pr preduction and detailed analysis of UV and xeray survival 

eurves, and the effects on the preceding of various per- 

mutations of x-rays, UV, and visible light (photoreactivation). 

The cell lines used were a pair of reapiring strains (haploid 

snd diploid) plus a non-respiring haploid subline. Both 

haploid lines can be lethally effected by exposure to visible light. 


‘See report No, NCI.636. 


Haier Findings : a) In contrast to UW survival curves published 
y others, we found that carefully performed experiments revealed 
that the UV curve; as well as the X-ray curve, is compound in 
nature. Although in the case of UV, the inflection in the 
survival curve is hardly as pronounced as in the case of X-rays 
nevertheless we showed that the inflection is real and results 
from the fact that cells in division are less sensitive to UV as 
well as to Xerays. b) Through the derivation of a mathematical 
theorem, we showed that the reduced UV sensitivity of dividing 
cells mugt result, from a basie change(s) in the UV sensitive site 
structure of the cell. This agrees with conclusions reached by 
others in connection with the site structure sensitive te X-rays. 
¢) The existence of differential sensitivities to UV exposure in 
a mixed population was also demonstrated in connection with 
mutation preduction and photoreactivation of UV lethality. And 

ad) while quantitative differences were in evidence, the results 
obtained were general and independent of the ploidy, respiration 
competence, and visible light sensitivity of the cell lines used. 


Significance to Cancer Research: A knowledge of the sites and 


iiation at the cellular level is necessary 
for a detailed Se rataitine of radiation effects. These latter 
effects, when understecd, may expedite the use of radiation as a 
tool in biological research in general. More specifically, their 
understanding will play a role in explaining and controlling the 
carcinogenic and carcinocidal action of radiation. 








proposed Course of Project: It is proposed to extend these 


Saree to W and X-rays make the use of additivity exper- 
Aments o 
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Serial No. NCI-676 


 FHS-NIG ; 
individual Project Repart * 
Calendar Year 1959 





Part B:; Honors, Awards, and Publications 





Publications other than abstracts from this project: 
Elkind, Mi. Mo and Sutton, H., The Relationship between Division 
and X-Ray Sensitivity, Ultraviolet Sensitivity, and Photoreactivetion 
ii Yeast, Radiation Research, 10, 203-295, 1959. 
Honecrs and Awards relating to this project: 
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Serial No. NCI-681 
1. Radiation Br 
2. Rad. Biol. Sect. 
S55 Bethesda, Md. 
PHS NIH 
individual Project Report 
Calendar Year 1959 


: | Preject Title: 


Applications of Some Mssue Culture Techniques to Radiation Reseay 


Principal Investigator: 


Robert Eo Bases , M. Do 


Other Investigaters: 


None — 


Cooperating Units: 


None 


Men Years (calendar year 1959): 


Total: 2 
Professional: 2 
Others. 0 


Project. Dsscriptions 


Cojectives: Exploiting single cell techniques previously 
developed to detect materials capable of altering the 
radiation response of mammalian cells. 


Methods Employed: Single call techniques modified after 
Puck were Sears. Hela cells were used in the assays. 


Major Findings: 1) Actinomycin D enhanced the killing effects 
of 4 rays on single cells exposed to the drug just before or 
after irradiation and during clone formation. 


2) Cells irradiated in medium having 85% of the water replaced 

by D50 were made more sensitive. Exposure to such medium alone 
sterilized normal cells upon progressive exposure. Survivors 

of D30 exposure were abnormally sensitive to subsequent irradiation. 


3) Materials tested which failed $0 modify the radiation response 
of mammalian cells are: catalase, ribonuclease, speznine. 





4) The mechanism of action to actinomyein D is unimewn. 
findings have been incorporated in a paper submitted to ©: 
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Project Deseriptions (Continued) Serial No. NCI-681 


Significance to Cancer Research: Actinomycin D appears te dessrve 
eribical evaluation as an adjunt to radiation therapy in humen 
cancer therapy. 


PEO) osed Course of Projects 1) It is suggested that actinomycin D 


evaluated animal cr/and human cancer chemotherapy as an 
adjunct to radiation therapy. — 





2) The effect of actinomycin D and other materials on the post- 
irradiation status of cells deserves further study. This may lead 
te an understanding of repair mechanisms in the post irradLation 
status of cells. 





Part B included 
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Bart Be Honors 9 Rearee » and Publications 
_ Publications other than abstracts from this project: 
Bases, R. E., Same Applications of Tissue Cul ture 
‘Methods te Radiation Research, Cancer Research, 
19, 311-315, 1959. 
Honers and Awards relating to this project: 
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Part A. 
_ *Froject Title: 
Sites of Acbion of Lethal Irradiation in Dividing Yeast Cells 


Prineipal Investigator 


Mortimer M. Elicind, Ph.D. 
Other Investigators: 
| Nene 
Cooperating Units: 
None 


Man Years (calendar year 1959) 


Totals oO 
Preefessionaiz OG 
Cthere O 


Project Description: 


Objectives: Having found, as described in report Ne. NCI-676, 
that the general characteristics of both the UV. and x-ray 
survival curves of yeast are consistent with the presence of 
va overlap between the sites sensitive to both types of irradiation, 
F an examination of the existence and degyee of this possibis 
overlap was undertaken. This examination was limited to the 
dividing esll moiety of a mixed population primarily because 
ef the insensitive response ef such cells, particularly to 
d-rays, is anomalous. This anomaly has been mainly responsibie 
for ths view that UV and d-ray sites are anotomically or st 
Least functionally separated in dividing cells. Of concern, 
are questions of first order in cellular radiobiclogy; nansly 
where and what are the primary sites of lethal irradiaticn 
damage in living cells. 


Methods Employed: The basic methed invelved consisted af the 
use of coupling or additivity experiments in which different 
combinations and pezmutetions of UV, X-ray, and visible lishs 
exposures (for photoreactivation and photelethality) were 
employed, The underlying idea stemmed from ths large number 
ef instances in which it has been found that UV (254 
effects which can be photereversged are nuclear and h 
eeid (NA) setion spectre. Henee UV and Zeray effects « 
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Serial No. NCI-682 
Project Legeripticn: (Continued) 


are coupled and which can be uncoupled by visible light 
in all likiihood involve nuclear WA as the sites 
common to both irradiations. To help insure that the 
conclusions reached were general, three cell lines were 
used, These were genetically related diploid and haploid 
lines, both respiring, and a non-respiring haploid sublins 
of the preceding. Both haploid lines were shown to be 
able to be lethally effected by exposure to visible light. 
(Ses report Noo NCI-636) 


Major Findings : a) In addition to the mathematical proof 
described in report No. NCI-676, it was shown experimentslly 
thet the reduced UV sensitivity of dividing cells was not 
artifactual in nature. That is, it did not result, for 
instance, from a largér amount of specific but non-active 
absorption of the 25) mu line due to the possible presence 

of more NA in dividing cells. »b) It was shain that there is 
a large measure of overlap in sites sensitive to both UV 
and X-rays and. that the coupling produced by pre-UV expcsures 
could be undone concanitant the photoreversal of lethality 
produced by the UV, ec) It was shown that it was quite wilikely 
that there exist two (or more) sets of sensitive sites in a 
dividing yeast cells one set responsible for lethality, and 
ths other responsible for coupling with X-ray sites. 4d) 
lepers effects, which were shown to be due to the 

velopment of a hemoprotein-like ehromophore (report. Noc 

Les ), do not couple with UV or X=rays. Hence, in all 
likelihcod these effects are cytoplasmic. e@) While quanti- 
tative differences were observed, the conclusions which 
followed from these results were independent of the ploidy, 
respiration competence, and visible light sensitivity of the 
cell lines ysed. And £) the most consistent interpretation 
of these rosults is that in dividing yeast cells ths sites 
sensitive to UV and X~rays are in appreciable measure nuclear 
and probably consist of chromosomal DNA, — 





Significance to Cancer Researchs A knowledge of the sites 
and mode of action of radiation at the cellular level is 
necessary for a detailed understanding of radiation effects. 
These latter effects, when understood, may expedite the use 
of radiation as a tool in biological research in general. 
More specifically, their understanding will play a role in 
explaining and controlling the carcinogenic and carcinoci dal 
action of radiation. 





Proposed.Course of Project: Depending. on the availability 





maipment and personnel, it would be desirable to perfona 
action spectra on the specific coupling effects observed. 
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Individual Project. Report 
Calendar Year 1959 





Part B: Honors, Awards, and Publications — 
Publications othsr than abstracts from this project: 


Elkind, ti. iM. and Sutten, H., Sites of Action of Lethal 
Irradiation: Overlap in Sites for X-Ray, Ultraviolet, 
Photereactivation, and Ultraviolet Protection and 
Reactivation in Dividing Yeast Cells, Radiation Research, 
20, 2965312, 1959. 
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Honors and Awards relating to this projects 
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Serdal No. NCI-685 
Ll, Radiation Branch 
2. Rad, Biol. Sects 
3. Bethesda, Md, 

PHS-NIH 
individual Project Report 
Calendar Year 1959 


a Part ie 
| ees 


Project Title: 


Thymidine Uptake in Femopofetic Tissue Induced to Recover 
Following Xcoirradiation 


Principal Investigators: 


Willie * > Smith, Ph.D. and. Victor Bend, Ph.D. 
Other investiras 2OPS 3 

Tlo M, Alderman and Ruth G, Simpson 
Gooperating Units: 


‘ Brookhaven National Laboratory 


Man Years (calendar year 195): 


Totals b/5 
_ Professional: 1/5 _ 
Other: 3/5 


Project Deseription: 
a 


Cojectives: To discover processes concerned with post- 
irradiation recovery of blood<forming tissues. 


Methods Employed: Autoradiography of hemopoietic tissue after 
treatment witn thymidine to determine the presence of cells 
capable of mitosis, 


Significance to Cancer Research: General significance in field 
of cell proliferation, Specific interest in connection with 
damagse to blood=formins tissue following exposure to radiation. 


Proposed Course of Project: Progress in this project has been 
slow due to pressure oF other committments and technical diffie 
culties = a specific course cannot be outlined until thorough 


studies of the preparations on hand have been made but we plan 
to proceed along the lines already indicated. 
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Projeet Title: 


Recovery of Ability to Form Antibodies in Irradiated “ice 
Pretreated with Mndotoxin or Colchicins 
Principal Investigators: 
Willie W. Smith, Ph.D., Joanne Holleroft and Jerome Cornfield 
Other Investicators: 
Tio ™, Alderman and Ruth G. Simpson 


Cooperating Units: 


School of Public Health and Hygiene, The Johns Yopkins Universiti 
Baltimore, Maryland 
Man Years (calendar year 1959): 
Total: k/S ~~ 
Professional: “1/5 
Other: 3/5 


eo SF 


Project Descriptions 


Objectives: In study of recovery processes it is important to 
see how various hemopoietic fimctions are related, The. 
question to be answered here is whether or not ability to 
react against foreipn tissue is associated with the advance 
in recovery time of csllular elements as seen following 
isologous or heterologous bone marrow injection or treatment 
with colchicine or endotoxin. 


Methods Empl ed: Transplantation of Demoree cus ascites at 
intervals during recovery from irradiation in treated and | 
untreated animals and observing response, 


Major Findings: (a) Recovery of transplantation immunity to 
ascites cells of DRA origin in IAF] mice following just sub= 
lethal irradiation vas evident at a time which corresponded 
fairly closely to the time of recovery of other hemic elements: 
pranulocytes, erythrocytes, lymphocytes and platelets. {b) A 
injection of izelogous bone marrow did not hasten racevery bu 
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Project Deseription: (Continued) = 


an injection of young splesn cells did hasten recovery of this 
izmune mechanism, (¢) A pre-irradiation injection of bacterial 
endotoxin did not significantly alter the time of recovery but 

an injection of colchicine caused a significant delay in recovery, 
(d) A sienifiecant gain in statistical inforration is achieved by 
utilizing: survival times as well as survival percentages in 
analysis of the data. This is achieved by a procedure which is 
boing worked out by Smith and Cornfield, 


Significance to Cancer Research: Recovery processes after 
dama ‘ing radiation arc of general interest because of the 
widespread use of radiation in cancer therapy, Recovery of 
this immune mechanism is of particular interest for if it can 
be delayed while other recovery processes advance, successful 
homologous transplantations mipht be more readily achieved 

_ than in the untreated irradiated case, 


Proposed Course of Project: Additional experiments with the 


Object of delaying recovery of transplantation immunity are 


contemplated, 
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“Project Title: 


o 


Recovery Proeeesses and Effects of Endotoxin and Colchicine 
Treatments om Reeovery in Very Young Animals 


'Prineipal Investigater: 
Willie W, Smith, Fi.D. 
Other Investigatars: 
“ | Tle M. ‘Alderman and Ruth G. Simpson 
" Cooperating Units: 


None 
‘Man Years (calendar year 1959): Patient Days (calendar year 1959}: 
a Total: b/5 
Professional: 1/5 
Other: 3/5 


a Project Descriptio: 


Objectives: To broaden the studies we are making of recovery 
irom a radiation damage. : 


Methods Employed: See related projects NCI.659, 671. 


Major Findings: (a) We have recently found that much, if not all 
or the difference in survivorship of weanling es caapared to older 
mice can be attributed to a later henopeiestic recovery in the 
young than in the older animals, (b) It appedrs that young mice 

(5 wx. old) are responsive to endotoxin but not to colchicine 
pretreatment . 


B 





sien tcence to Cancer Research : A better understanding of the 
ENC c and recovery is of obvicus significance 
in an area where radiation is used as ‘extensively as in eancer 

_ therapy, These problens are also of general biological importance. 


- Proposed Course of Project: This involves primarily, comparative 
sates oF hemoposetic recovery under different conditions «as 

regards. to (a) ae (b)} species and S type of treatment. 
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Project Titles 


The Study of Basic Virus-Cell Interactions Using Guantitetive: 
Tissue Culture Techniques — 


Principal Investigator: 


Royce Zo Lockart, IPog Phe.Dao © 


Other Investigators Oe 


None 


Cooperating Units : 


Laboratory of Cell Biology, | 
NIAID — 


Man Years (calendar year 1959): 


Total: 
Professional: 3 
Others 0 


Project Dsseription: 





Objectives: To carry ont a quantitative study of the virus 
cell relationships in the phenomenon of virus interZerense. 
The study is to gain insight on the effects of Viruses on 
cells, the role of interference on the formation of virus 
carrier cultures, and to cbtain the parameters of the 
ference system necessary to carry out studies on the i 
cellular nature of the interference. — 


Methods Employed: Metheds employed have besn those 
for the eat otive assay of viruses (published; 
Influencing the Interaction of Western Bgwine Ene 
Virus and Selected Host Cells, J. Inf. Ms. 103: 
for the qualitative manner of handling tissue cult 
determining their ability to form clones. 


Major en Previous work showed that Western Equi 
meephalomyelitis Virus inactivated at 37° can acon cel: ls 
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from the cytopathic effects of fully virulent homologous 
Data obtained suggest that cells so protected are unable + 
produce virus until they undergo several generations of ¢ 
after which they become once again fully susceptible. 4 
50 per cent of cultures consisting of a protected pepul. 
of cells became virus-carrier cultures when active virus 
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(Continued) 


added prior to their reversion tothe susceptible state. 
Carrier cultures consisted of about one per cent infected 
eslls in the presence of protected cells. The supsrnatans 
fluid from a carrier culture contained an excess of pro=- 
tective material. These results are consistent with the 
hypothesis that the interference phenomenon is Hecaeibia 
for the induction of the virug-carrier state and its pro= 
longed maintenance is the result of a dynamic equi labriun 
between interference and virus production. 


gnificance to Cancer Research: The investigation is 
designed to attempt to unders stand the nature of the changes 

brought about by inactive viruses which are capable of 
protecting cells against the cytopathic actions of other 
viruses. An understanding of the metabolic alteratlons 

effected in celis by an infective virus and a manner in 
which these can be changed to protect the cells will alicr 
@ rational approach for the development of substances 
effective in combatting virus infections, pornos tumor 
viruses as well as cytopathic viruses 





Proposed Course of Project: To carry out experiments in- 
igating the Biochemical changes caused by infection 
and interference to attempt to find if interfersnce is an 
amerecen sen biechemical inhibition of virus multiplic cel ORs 
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iblications other than abstracts from this project: 

 & 2. Lockart, dro, . 
_ The Preduction and Maintenance of a Virus Carrier States The 

_ Possible Role of Homologous Interference, Virolegy, in press. 

ws and Awards relating to this project: 


Guest lecture far the Mgsue Culture Course sponsored by the i : 
Long Island Biological Association at Cold Spring Harbor, Now York. 
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—«* Project Title: 3 
i Repsir of X-ray Damage in Cell Lines of ths Chinese Hamster 
i Grown in Culture — 
_ Prineipal Investigator: 
‘Mortimer M, Bliind, Phe D. 
Other Investigaters ; 
None 
Cooperating Units: 
| None 


Man Years (calendar year 1959) 
Totals 2 
Professional : V3 
Other: Lez/3 


Project Descriptions 


Objectives: To determine vhether or nob sublethal damags 
accumulated by mammalian cells surviving X<irradlatio is 
heritable. af 


Methods Employed: Improved single cell tissue culture 
techniques were used far purposes of: 1) making denze 
cell suspensions; 2) irradiating under controlled 
conditions; and 3) assaying for surviving cells. RFifty= 
five Ky Z-raye were used. 


Major Findings: 1) Sublethal damage is net transmitted to 
the progeny of surviving cells, 2) After an acute exoosure 
to X=-rays, surviving cells rapidly repair their damage befars 
their first division pest-irradiation. 3) The kinetics of 





eee! displays at least one maximm followed by 
Repair of demage is expreesed by the reactivatio 
sensitive sites inactivated by the Xeray exposure, 5) Rensir 
of damage does not involve a time delay. 6) The systs 
responsible for recovery in surviving cells is not atten 
by repeated exposures. That is, surviving cells can unds 
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Bethesds, Maryland 





aspects of these findings that relate to radiation therap; 








ject Descriptions (Continued) 


= 
repeated cycles of damage and repair. 7) The magnituds 
of recovery as a function cf time is dependent upon the 
recovery mediwz, 8) In spite of the disproportionate 
synthetic capcities of lag phase ceils compared to log 
phase cells, recovery in both types of cells is sssentially 
the same, 


Significance Cancer Researchs The repair of sublethal 
iaray damage is a new finding of considerable importance 
with regard to the nature and location of the sites in a 
call. sensitive to lethal irradiation, The application of 
this finding to biomedical and particularly cancer research 
are many and include questions relating to: 1) radiation 
therapy; 2) mutogenisis; 3) dese rate dependense of radiaidon 
effects; i) general. mammalian radiobiology; 5) the cyto- 
genetics of radiation damage and repair; and 6) the bio= 
chemistry of radiation damage ami repair, 





le 


acts The decumentation of the 






Proposed Course _ of the Proje 
jor phenomenon has been completed. A mumbar of additional 

projects almsd at a more general understanding of Lethal 

and recovery effects in mammalian cells are planned or in 

progress. (Sse Project Nmberg NCI-49is),691(5) 691 (e) IoG9R (a6 





in addition, 1t is of particular interest to pursus the 
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This should involve werk on a celiniar and an animal lersi. 
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Bart Part B.: Honors, Awards, and Publications 
| Publications other than abstracts. from this project: 


Elkind, Mo M, and Sutton, Ho, YeRay Damage and Recovery dun. 
 Memmalian Cells in Cultare, feture, 28h, oe 295 Oct. 2, 1959. 


Honers and Awards Relating to this Project: 
Invited Lectures: 


Title: "XeRay Damage and Repair in !fmalian Cells Grown in 
Culture" 
Flace: Biology Division, Oak Ridge National Lab.: duly 16, 1959 


Title: "X-Ray Experiments with Mermalien Celis" ~ 
Places Naval Radiological Defense Labs San Francisco, Calif. 
Sept. 3, 1959 


Titles "Cellular Recovery Related to Radiation Therapy" 
Places Radiology Dept., University of California Medical Canter; 
San Francisco, Calif.; Sept. 3, 1959 


Titles "Cellular Aspects of Radiation Therapy" 
Place: 45th Annual Mesting of the SEE cis ee Society of 
: North Americas Chicago, Tli., Nov. 17, 1959 


Titles: "Radiation Genetics” 

Places National Research Council Committes on Radicbiclosy, 
invited conference on radlo- and molecular biol. Ogy3 a 
Gould House, Ardsley, No Y¥., Dee. 3, 1959. 
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: ‘Project Title: 


The Dapendence of Lethality on X-ray Doge Rate in Chinese 
Hamster Cells Grown in Culture 


. Principal Investigator: 


Mex'timer Mo Elkind, Ph. Do. 
Other Investigaterss 

Nena | 
Cooperating Unitss 

Nons 


Man Years (calendar year 1959)2 
Total: 2/3 

Professional: 3/3 

Others 1/3 


Project Deseriptions 


Oojectivess The observation that surviving cells to 

irradiation rapidly repair their damage without a time lis 
(See Project No. NCI-691) suggests that lethality should be 
dese vate dependent. Specifically, this observation suggests 
that at reduced dose rates the killing effect (suppression 
of unlimited division) should be reduced. 





Netheds Employed: Improved single cell tissus culture 

echniques were used for purposes of: i) maicing dense 
cell suspensions; 2?) irvradiating wider controlled 
eenditionss and 3) assaying for surviving celis. Fifty- 
five Ky Xorays were used. 


plc Bodings: This work is in pregress. Thus far we have 

found that reduce dese rates have a greater rather than 
lesser killing effect on Chinese hamster cells cram in 
cultare as indicated by the mean lethal dose. ‘Ths dose rate 
range from 720 rad/min to 9 radfmin is under investigation 
Preliminary data indicate that the latter dose rate dec 
ths mean lethal dose by about a factor of 2 compared to t 

. former, However, although the mean lethal dese decrease: 
decreasing dose rate, the hitness mmber increases. 
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Project. Description: (Continued) 


Significance to Cancer Research: The anomolous nature of 
these findings are of significance primarily as they relate 
to the information coes she Project #NCI-691., — 


Proposed Course af Project: This work will be pursued in 

1 order to seek an Sapianacion of these seemingly anomolous 
results. Due to practical limitations (equipment, persomnel, 

and to some extent techniques) the range of dose rates which 

can be examined with good experimental control is limited. 

The importance of understanding these results justifies 

considerable additional effort, 
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ect Title: 
| Division Delay, Growth Rate, and Radiosensitivity of Chinese | 
Hanster Cells Which Survive "XeIrradiation. 


oe 


“incipal ‘Investigator: 
Mortimer M, Elkind, Ph.D. 
Other Investigators: 
ay “None 
Ee rating Unites 
None 
Man Years (calendar year 1959): 
— Fotal: 2/3 
Professional: 0 
Other: 2/3 
Project Description: 
; Objectives: Sublethally irradiated cells repair their damage 
rapidly (ses NCI-691). The purpose of this study ia te determine 
whether or note 1) recovery is associated with division in sur= 
viving eeilss 2) post irradiation growth rate of surviving sel 


is dose dependents and 3) radiation sensitivity of surviving celis 
. ds dese dependent. 







Methods Ensloyed: In addition to those listed for Project NCI.A693 
the following specific methods were employed: 1) £2 & © 

tion of the onset of division in surviving cells using 
scopy; 2) determination of the termination of delay and 8 
growth rate using a colony spreading technique (r etrypein 
and 3) measurement of delay, growth rate, and radiation sen cy 
post-irradiation using a novel x-ray technique aml the ordterion o£ 


Visible colony formation. 









ia 


2, 


2. oi 





Major Findings: 1) Lethally irradiated cells grow as sepidly as the 
controls for at least a few divisions depending on the dose. In 

contrast to this, surviving eells suffer a delay which increases 
with the dose they received. 2) After post~irradiation delay 
surviving cells grow ag rapidly ag thé controls, And 3) the 
radiation sensitivity of survivers after the onget of division is 
‘constant and about the same as that of lag phase cella. 
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Signifieance to Cancer Research: Mitotic index in mamwnlia 
_¥Fedioblology has often been used as an index of Ae Te 
the extent that these observations are applicable to in wiv 
_ situations, mitotic index as a measure of viability can be 
very misleading. Similarly, the observations that growth 
wate and the radiation sensitivity of surviving cells are 
_ 6ssentially independent of the x-ray dose to which they were © 
exposed is of fundamental interest in the basic and Ge piled 
+ areas of radiobiology. 





Proposed Course of Project: The quantitation of these observetions 
as a function of dese in best performed with log phase sells. In 

_ addition, the division delay dependence on hase is required for 

— (NCT=691 (d}). For these reagons and others » the teshnology ef 

_ growing Chinese hamster cells in suspension (log phass} waerante 
RNR and will te vigorously pursued. 
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ject Title: 


The xtent of the Dependence of X-Ray Lethality on Chromosomal. 
Damage in Chinese peeatey Cells Grown in Culture. 


Principal Fae 
| ‘Yortimer M. Eliind, Ph. Deities 
ther Trivectl extone: 
‘ Charles Greenblatt, M. De 
Cooperating Unites 
Fhotoblology Section, sepeicesl Biology Laboratory, NIAMO 


Man Years: 


Total: 2/3 
Professional: 1/3 
Other: 1/3 : | 


Project Deseription: | 


Objeetivess As a result of a mmber of radiation studies with 
cultured mammalian cells, Puck has concluded that x-ray lethality 
results from the production of obssrvable chromosome] damage. 
a Tais conclusion, if correct, is of basie importance and has m 
a imrlications. The objeetive of this study is to see to what 
a Puek's conelusion is justified in Chinese hamster celis of close 
a to normal karyotype 





meLoye Quantitative eytogmnetic 0 obssrvations of 
Senter and irradiated cells are made in the context of ths 
lethality and recovery effects’ described in Projest Nos. 


NCI-691 , NCI=692 (a), NCI-693 (b)o 





Major Findings: ‘his work is in progress. One of 
reasons for starting this study was the recovery obse 
described in NCI-692. The rational is the Peeines 
viving cells immediately after exposure are damaged calis. 
the accumulation of chromosomal damage kills a eeu gurviving 
- cells immediately after exposure should possess suble onal 

chromosomal damage. 2) Surviving celle rapidly repair their 
sublethal damage before division (ase NCI €91 and HCI 692 (bd). 
Therefore uniess irradiation induces a state of lability with 
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ae je Findings: (Continued) 3 
pe erarts the display of shromosomal damage; surviving sells afte 
Ppecovery eee particularly their progeny should not display ehrem 
somal damage. 3) Surviving cells suffer a division delay duri ng 
which (in interphase) they repair their damage, In con trast % 
this, lethally irradiated ceils Givide as rapidly as the con tects 
for at least a few divisions (see NCI-691(b}). Henee, cyteganetic 
observations of aj} cells irradiated might display varying degrees” 
of damage depending upon whether surviving or non=-surviving galls 
happen to be obgerved which, in turn, depends on uhethsr or not 
- recovery and nosteirradiation delay have terminated. However, if 
these observations are made before division delay is over, wuich 
is experienced only by surviving celis, then all miteses observed 
will be in lethally irradiated celis. If wilimited division in 
these cells is suppressed because of observable cytogenetic gat 
_ then all mitoses should display chromosomal abberations ari 2 
the frequency of these should be directly correctable with earvi a 
as a function of dose, 
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Thus fer our stadies, sonducted with lag phase celis, have shown 

that only a fraction of the mitoses observed during division delay . 
nave any observable chromosomal aberrations. Others have i, 2 2, Ste 
aberrations but with frequencies too low to explain share of the 
eurvival curve in detail. 


Signifieance to Canser Reses reh: If further work bears out cur 
initial observations that lethally irradiated cells do net display 
on @ quantitative basis» chromosomal damage correlatebie with 
lethality, then the chromosomal hypothesis of Puck as a whole 

ig in doubt. Thig would not mean that x-rays cannot produca abs 
ations or that many auch aberrations do not sonstity 
urations. Rather, this wuld msan that observable chrome somal 
oe. damage ¢an be at best only one mechanism responsible for csii 

- death. Clearly, subtle, optically undetectable chromosotial. 
damage or in thea limit, genic damage eannos be ruled ant on the 
basis of cytogenetic observations. By the same token, howovex, 
non-genic damage related to viability becomes & significant 
possibility by implication. 





-roposed Course of Project: The quantitetion of theese 
tion din extense would be nebt performed with single ise Oe 
eelis for technical reasons. Henes, the techniques x reasir 
the produstion ef such eslis require develepment befor 
eytogenetie aspscte are pursued further. 
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oi Project Titles 


The Dependsnce or THdpeendence ef Recovery in Cultured, 
Mammalian Cells Surviving X-Irradiation and Thair Radic=- 
sensitivity as Mitigated by Drug Action 


Principal. Investigator: 
Mortimer M. Elkind, Ph. Do 
- Other Investigater's ¢ 

William Mohler, M. D.. 
ogee ating Unitss 


- Clinical Pharmacology and Experimental the tapuuti Ga 
Section, General Medicine Branch, NCI 


Man Years (calendar year 1959) 
Totals: 1/3 | 

Professional: 0 (ifoHeBo) 
Others 1/3 


Project Descriptions 


Objectives: In Project No, NCI-691, recovery in cells 
surviving X-irradiation was described, and it was further 
reported that recevery was found te be independent of the 
physi ological state of the cells. Im general, radiosen- 
sitivity is kioen to be modifiable via the action of drugs. 
For instance, aminoethylisothiuronium bromide (AET) is 
known te decrease radiosensitivity by about 2x. This study 
igs one aimed at examining the degree te which recovery is 
general iu mammalian cells. Specifically the question asked 
iss De surviving cells recovery qualitatively and quanti- 

_ tatively te the same extent and irrespective of their PE roba= 
bility of survival for a given dese? In the same cell Lins, 
therefore, we will inquire whether or not the mit tee 
action of drugs on the probability of survival is reflected 
in the repair of sublethal damage in surviving cells. Si 
the dspendence of radicsensitivity on drug action is in i 
of considerable interest, a second objective in this w 
is to examine the influence en survival of different 
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radiation mitigating agents. 
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lect Deseriptions (Cc ontinued ) 
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Methods E Employed: Improved single cell tissue culture 
techniguss: were used for purposes of: 1) making dense 


eell suspensions; 2) irradiating under controlled 


conditions; and 3) assaying for surviving celis. Fifty=. 


five Ky Xerays were used, 


Major Findings: This work is in progress. Toxicity studies 
have bean performed with AET, S-brenouracil, and 5=flucro- 


deexyuridins, Thus far, only AET has been examined and only 
with regard to its influence on radiosensitivity. As fomd 
= pho other systems, ALT decreases ths EOC EA E22 by 


about 2x. 


Signifieance to Cancer Research: The atte action of 
drugs -ig of importance with regard to the identification of 
the sites of action of lethal irradiation and the radiation 
re of malignant tigsus. Equally impartant from @ basic 
and applied point of view is a imowledge of the possible 
influsnece of the action of drugs on recovery. For instance, 
if a given drug mitigates (perhaps even decreases) the radic= 
sensitivity of malignant cells it might still have important 





uses in therapy if it also represses Pecovery. 


Proposed Course of Project: It is planned to examine the 


luences of several drugs which have been implicated as 








1128 








PHS-NIH aS 
Individual Project Report 
Calendar Year 1959 





Fart A fc 
Project Title: : 


A Study of the Response of Human Calis (Hela) to X.Rays 
_ Principle Investigator: 
“ Royce Z. Lockart, Jr. Ph. D. 
Other Investigators 3 ; 
iortimer 1, Elkind, Ph. D, 
ea Cooperating Units: 
None 


‘Man Years (calendar year 1959): 
Totals 
Professions z 
Other: 0 


is Project. Descriptions 


Objectives s 
ds 
fractionated doses of Kerays. 
have a threshold amounting to a hitness number ee eon 
and that survivors were able to repair their sub-iethal 

_ The amount of damage suffered or the repair which cecurs 

_ related to the hitness number. Dr. Robert Bases, during ve 
studies on Hela cells noticed that one of his cell. Linea cl} 
fron a hitness number of 2 to about 12, The purpose Of this 
investigation was to make a comparative study of two lines: 
Hela cells from the same parental steck with hitness mux 
two and five, Experiments were done to see if recovery 
radiation damage was a general phenomenon rather then unic 

Chinese hamster cells and to see what relationship exists 
hitness number and recovery. 


Methods HEnployed: The metheds used were those for estab] 
survival by means of counting clones ef cells result Lting ED 
growth of single cells and for irradiating cells after < 
to glass petri dishes. These methods are both amply de: 
by Dr. M. M, Elkind. 


Dr, Mo M. Elkind fees Chinese EASES 
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Project UeserIption: (Comtinued) 


ioe Findings: One Hele strain had a hitness number which 
varied from 3.3 to 8 with a mean lethal dose varying between 
115 v.and 95 yr. respectively. In response to a first dese 
ef X=rays corresponding to about 10 percent survival, ' cells 
_ were capable of undergoing an amount of recovery about equal 
to their hitness number, This means the cells have regainsd their _ 
threshold and have the same sensitivity. The cther strain of 
Hela had a hitness number of two for several months with a mean 
isthal dese of about 130 r, yet showed about 5 fold recovery. 
The reason for this has not yet been determined as the cell strain 
was not stable wth regard to its radiation response and ee 
shifted so that it was indis tinguishable from the other straino 





These studies have confimed Dr. Eliind's studfes with the 
Coinees henster cells, and have shom that the recovery phencmenon 
appears te be a genaral one. Indications are that both bitness 

mumber and sensitivity to Xerays ere somewhat variable from 
experinent te experiment and at least in one cell line wnstable. 
Sieni Me ance to Canosr Research: These gtudies are part af a 
woman ‘to determine the sites and Irinds of damage which celia 
suffer as a eeenlt of fay insult. The understanding of the 
numerous parameters controlling the reactions of cells te 
isniving redlation is most important both frem the fundamental 
understanding of its actions from a biolegical point of view 
and from the practicel applications in treatment of tumors. 









Exgposed Course of Frojects To attempt to understand why 
eell strain be ltered in its response to Koray 
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of an ascites (P-388) plasma eel] tumor. 
_ Prineipal Investigator: 


Faleoner Smith 


Jom Owens 


- Cooperating Units: 


None | 
Man Years 
Total: 1/2 
- Professional: 
Other: 6 


a Other Investigators: 


Ve 


Projeet Deseription: 


Objectives: 


affecss of antibody prepared against an ascites tumor. 


Methods employed: Antibody prepared in rabbits against we 
eelis freshly taken from the ascites fluid ef the tumor 


_ Studies of effects of an antibody in relation to development 


fo expand preliminary observations on tumricidal 


injected at intervals of time after the tumor is intraperiton 


inoculated, 


Major findings: Preliminary observatiors indicate a smsil effect 


of the antibody on the growth of the neoplasm, viz., mean cody 


weight in groups of mice receiving 0.2 ml of rabbit antiser 
intraperitoneally every other day from the day of inceulation, 


eros! 















2 (Continued) 


Sas 








w a less striking increase and survivel time is _ 
prolonged by about 2 days ag compared to saline treated 
OLS inoculated with this rapidly lethal tumor. 


: A speeific antitumor 
me of this study and it is 
i ' learned from the properties of the 
eparation under study may lead to some understanding of >) 
marally produced cytolytie agentso | ‘ 
































Serial No. _NCT-62: 
1. Radiation Branch — 
2. Radiation Physics Secs. 
30 Bethesda, Marylam 
PHS-NIH , ; 
Individual Project Report } 
Calendar Year 1959 : 








Prods jeet Mtles 
Pr saiation Injury and mei 
Principal Tavestigaters 
Ber. Andrews 
ther Investigators: 
i _ Major James Shively 
Sceorer.ting Unites 
. Velter Reed Army Medical Center Cig 
on Years: | 
: “Totals isto 
Professional: 1/3 

_ Others 1/3 
a: ‘Project. Deseription: 


Objestives: fe gain insight into mechanisms by which ionizing 
radiations affect living tissues. 


Fethods Employed: Repair processes at high xeray doses were studied 
by dese fractionation. A second phase involves studies on SWINE y 
CER of interest because their size approximals that of man. 


Major Findings: Repair processes appear to be operative even at 
dese of 50 000 Pe z 
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 “‘Desimstry of High Energy Radiation 
Principal investigators 
: HLL. Andrews 
Other Investigatora: 
Louwlg Cameron | 
Cooperating Units: 
None 
Men Years: 
Hone 


ss Projeet Deseription: + 





hig intensity pulsed x-ray beam, 





of perzonnel. 
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Serial No, _NCI~628 


il. 


2s 
Be 





Radiation Branch 
Radiation Physica Sect. 
Bethesda , Maryland 


Obiectives: To ‘develop methods and instruments for neasuring 


; No progress was made during 1959 due te lack 


is 
PUA) 
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Serial No. NCI-629 


i. Hadiation Branch 

2. Rad, Physics Sect. 
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Froject Titles 
The Effect of Ionising Radiation on Amino Acids 
. Principal investigators 
Charles R. Maxwell, Ph.D. 
- Other Tnvestigatorss 
None 
Cooperating Units: 
None 


Ht Man Years: (calendar year 1959) 


Total: 2. 
‘Professional: 1 
Other: 21 


Project’ Description: 


_Oojactives: The objective of this project is to determine 
the mechanism of the chemical reactions induced by ionising 
radiation in aqueous solutions of amino acids. This is part 
of a long range program to accumulate information on simple 
systems of biological interest so that general principles 

may be ascertained and applied to complex systems which are 

not amenable to thoreugh, direct investigation. 

Methods Employed: Solutions of amino acids are irradiated 

with itonizing radiation and then analysed for the products 

Poencd. Since the products are sensitive to radiation it is 

necessary to determine the yield of each preduct as a function 

of dose to as low a dose as possible and to extrapolate theses 
values to obtain the initial yield of the preduct at very low 
deses before secondary reactions distart the picture. 









Once the products of the simple water-amino Beta ates tion 
system are found the effect of the introduction of other chemicals 
into the system are studied. Substances are selected, in oC ae 
with the rapidly expanding concepts of radiation chemistry, ieh 
are thought to accentuate or repress ome or more of the ie 
intermediate presesses by which radiation is believed to produce 
its effects. 
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sisct Description: (Continued) 
AS : 

Sinee the final chemical (and ultimate biological) effect is 
the result of the formation of a Sena microscopically-heters- 
genous mixture of excited molecules, Ho0>, H and OH free radicals 
in discrete "tracks", the influence of t @ physical distribution 
of these active intermediates as well as possible differences in 
relative abundance and/er chemical nature is investigated by using 
different sources of radiation. To date 50 KV xcrays, 150 KV 
electrons, and 5 Mev alpha particles have been used. 


Gane of the more important, if not the most important, active 

intermediates is the CH free radical, The role of this radical 

in the ebsence of the H free radical and the host of excited 
mélecules in the ionization track 1s studied by chemically pro- 

' ducing this radical in the system being studied. To date this 

has been accamplished by the action of Fe* + and Ho 050 


Major Findings: The development of a gas chromatographic technique 
q for the iselation, concentration and determination of micromolar 

- amounts of acetic acid produced from glycine by small doses of 
irradiation has made possible some detailed observations on the 
mechaniem for the production of this compound. Initial yields of 
acetic ecid as a function of glycine concentration have shown that 
it, like MNEs and HCHO but unlike HCOCOOQH, does not become independent 
of concentration as does the yield. of products from most organic 
solutes. 


f more significance have been the mass spectrographic exam= 
ees of the acetic acid produced when glycine vas irradiated in 
Bete Pisa to the mechanism 1 Ergpoeee yy Weeks and Garrison 





aS RETSID 


Bord He Meeks and Warren M. » Garrison, Rad, Research 9, oor (1958). 





“acetic acid is formed by the reactions: 
1) H+ WiCH,COOH —® NH, + °CHCOGH 
2) °CH)COGH + NH,CH,COOH =m» CH,COOH + NH,CH?OGH 


in D,0 the corresponding reactions would be: _ 


2 3 
1) D+ NDQCH,GOW, --» NDy + °CH,COC@ 
2) °CH_COCD + NDgGHGO0D == CH,COOD + ND{CHCOGD 


and the acetic acid formed (after the removal of the exchangeable D 
on the carboxy group should be CH=COGH, Mass gpectrographic ana aysis 
of the acid isolated however has Shown a mixture of 1/3 CHjDCOGH and 
2/3 G CH,COOH, Thus there must, at the least, be a second mathed fox 
the fofmation of acetic cid 
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ect Daseripbion: (Continued) ‘ 


With oe exchangs column chroma tography , clk Labeled ely cine, 
scintillation counting we have qualitatively confirmed | 
the work of veka and Garrison as to substantial ylelds of aspartic 


and diaminesueccinie acids in air free irradiations, We cpserve ene 


but not the second majer unknown product reported by them. Since 
we have observed the yields of these products to be a function of 
dose, they wlll have to be investigated at low doses before their 


part in the entire mechanism can be evaluated, And of course the 
unknown preduct will need to be identified. 


{These results show that the mechanism proposed by Weeks and 


Garrison which seemed to account so beautifully for most of the 


data available to them at that time ig, at best, only sartly 


eorrect end that considerable more work is needed. 


A mejor effort this year has been the design and procurement 
of a cobalt 60 irradiation facility which will be put in opsraticn 
early next year, 


‘Significance to Cancer Research: Although not directly connected 


wiun Canesr research, it is of great interest because it seeks an 
understanding of the “mechanien for the effects of radiation which 
is used empirically as a tool in the clinical treatment and 
isboratory study of cancer, 





Proposed Course of Project: Work will continue in an effort to 
elueidate the mechanism of the effect of radiation on glycine. 


Specifically the work will be directed toward: 


a) Identifying and determining the unknown product indicated 


by an incomplete material balance. 


b) An investigation of the QO) present system as well as the 
6, free system upon which our efforts in the past has bsen 
phimarily SERS 


¢) An investigation of the effect of pH upon both the Qn 
frea and O 9 present SY Stemio 


&) Study the role of disproportionation reactions by irradiating 
@ pure ¢ or 1 amino acid and assaying enzymatically for the epbical 
igonesr. 
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Serial No, NCI-629 
PHS-NIB 
Individual Project Report 
Calendar Year 1959 


B.: Honors, Avards and Publications 





. ‘Publications other than abstracts from this project: 


“Naxwell, Charles R. and Peterson, D. C., The Effect of 
a-radiation on Aqueous Glycine, J. phys. chem. 63, 935 (3989). 


Honors and awards relating bo projects 
Dee. 29, 1998 = AAAS Meeting, Washington, D. eh presented 
invited paper at symposia on "Radiation 
Chemistry” 
Dec, 29, 1959 = AAAS Meeting, Chicago, Illinois, presented 


invited paper at symposia on "Radiation 
Chemistry of Proteins and Amino Acids*® 
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Pp oject Titles 

s Tee ccm nt of High-Intensity i-Ray Soures 
‘Principal Investigators 
Howard L, Andrews 

_ «Other Investigators: 

| Rotert ¥. Suain 

: Cooperating Units: 

e . None 

Man Years: 

None 


a Project Degeriptions 
or or steady from the 3 Mev generator. 


1959 due to Back of personnel, 


art B included — ee. cr ay Av 
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Serial No, NCI-637 
ap 


Radiation Braneh 
Radiation Physics Sect. 
Bethesda, Maryland 


Objective vsg: To obtain high intensity beams of x-rays, pulsed 


a Methods Employed: No progress was made in this problem during 








Serial No. NCT-680 
il. Radiation Branch 
2. Radiation Phyazics Sect. 
3, Bethesda, Maryland 
PES-NIH 
: Individual Project Report 
Calendar Year 1959 
Pert Ae 
. Project Titles 
Radioactive Isotope Administration by Tontophoreses 
“Principal Investigator: 
Howard L. Andrews 
Other Investigators: : 
Louis Cameron and Dorothy C. Peterson 
Cooperating Units: 
None 


Man Years: 


fotake 2 
Profesaional 2/3 
Others 1/3 


Projeet Deseription: 





Objectives and Methods Employed: A yariety of isotopes were 

administered through the skin of guinea pigs by the application 

of elestric current. Isotove distributions were determined ay assaying 
skin sections ani pertinent organs, The distribution of p®* seemed of 
sufficient interest to warrant an attempt at tumor treatment, Walker 
sarcomas in rats were treated by the local application of pe by electric 
Gurren. 





S Findings: ‘Tumor concentrations of P** several times higher 
the in normal tigsue were readily obtained. Caleulations indicatsd 
that doges of a few thousand rad were delivered to a good fraction 
of the tumor tissue. In some cages there was a temporary slowing 
of tumor grovth and in one case a complete pu eeeter In general, 
however, the results were unsatisfactory. 








Sims, _fanser R 
application te cancer treatmant although other tumors might meres 
gatisfactorily. 


icance to Cansery Research: There is probably little practical 
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Project Titles 
The Abstraction Reactions of Hydrogen Atoms in the Radielysis 
of Aqueous Organic Solutions, Part I. Amines, Amino Acids, 
Amides, Peptides and Thiols. Dae 

Principal Investigator: 

Dr. Peter Riess 

Other Investigators: 


Dr. Charles R. Maxwell 
Mr. Bernard Burr 
Cooperating Unita: ; 
Energy Metabolien Section, leboratory of Fhysiolegy, Nations 
Cancer Institute — 


Man Years (calendar year 1959) 


Totals i 
Professional: 1 
Other: © 


Project Deseription: 


Objectives: The action of ionising radiation on aqueous solutions 
producss H atoms, ON radicala, hydrogen and hydrogen pSToxide . ue 
the absence of dissolved oxygen, H atoms may react with saturated 
organic solutes by abstracting H atoms from earben, nitrogen, 
sulfur and oxygen %o Produce hydrogen and an organie free radieai. 


For solutes which have more than one site at which H atom abst 
may oecur, there ig at present insufficient Information for p E 
the site or sites of reaction, The objectives of this project are to 
study the mechanism of the abstraction reactions for ee solutes 

and thus to determine the nature of the organic free racicala produc 












Methods Employed: When aqueous organie solutions are exo to 
fonizing radiation, hydrogen is produced by two distines px 
The primary molecular hydrogen yield arises from the recom 
of 8 atoms in a series of small regions of high radical sones 
tion ( known ag "gpurs®) and is independent of added golute und 
certain conditions. Additional hydrogen is formed from tha 
of H atoms which diffuse out of the spurs and react with the org 


golLute . 
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Analogous precesses cecur when organic solutes disselved in Dz6 
are irradiated and the primary molecular Bo yield is known from 
previous studies. 





iF, §, Daintons Rad. Rea. Supplensat ¥, 19, G95). hae Te 


REA EMI SETS 





ii) 


A 





LS ee 


CAPE a ar ieNy erst at *> 
Serial No. NOTooo7 
Sey tee fa 
Bente = fd ee ewer ar tat f Bete) ts : 
Wethode Employed: (Continued) 


g(De), the number of De molecules formed per 100 ev absorbed, 
is Equal to 0.39 for 280 Ivp xeraya. Additional D, or HD is 
forned from the reactions of D atoms with the solute. In the 
present study solutes were deuterium labeled on nitrogen or 
sulfur by exchanges in D,0 ( 99.5 atom %), leaving hydrogen 
stably bound to carbon under the conditions of the experiments. 
‘Te for the case of acetamide dissolved in D,0, hydrogen in 
axcell of the primary molecular yield might vf formed by reactions 
i or 2: 

kn ° 
ne = SHACO HDe coerce Ds + Gi,60 ND 


2) D + CD4CO NH, =.3 HD + GH,CO ND, 


The hydrogen (D2 + ED) produced during radiolysis of a degassed 
solution of acetamide (or of other solutes) vas extracted on & 
Van Slyke apparatus and its isotopic composition determined by 
noss-epsctrome try. From the observed yields of D, and ED 
feds) and G(HD)_/, the relative contributions of reaetions 1 ~ 
end @ ean be measured. If both contribute appreciably, the 
ratio of the rate constants, kn/ke, can be calculated since 


lp = G(Dg) © Dg) 
kre ——— “sty 





Major Findings: The observed yields, corrected for the primary 
molecular Do yield are summarized in Table I. The results show 


that D atoms react with glycine, acetamide and glycylglycine at 


neutral pd by abstracting from carbon and not from nitrogen. in 
strongly basie solutions, where the dipolar ion of glycine is 
converted to NDy Gigf00", an appreciable freetion of D atoms 
abstract from the 9 group of glycine. A similar result is 
foun’ for nebutylemine. ‘The relative rate constants for abe= 
atraction from nitrogen vs. earbon are shown in Table I. 


For substances containing the <SD group, n-butylthiel and 
cysteine, the formation of RSe radicals predominates in 
abstraction reactions, Thus for cysteine the rate of abstraction 
of deuterium from sulfur is approximately 1b times greater than 
the rate of abstraction of hydrogen from carbon. 


An interesting aspect of the resulta of Table 1 is the fact that 
&hat fate of more than half of the D atoms produeed by radiation 
in neutral solution is unaccounted for by abstraction reactions. 
In the case of glycine indirect -evidence suggests strongly that 
H atoms can react with the dipolar ion to give ammonia and 
2CH,COO” radicals.” ; 
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reaction appears to take place with amides. Int 
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Serial No. NCI-697 
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“Solute | G(Dy) = g(D,) | G(AD) = 
Le (eanconD, | <c12 
| A i ee 
2, ND=CH,CCO | <003 


(a>, 


(3. NB{CH,CONDCH,COO | 207, 

4 lio NU gGH_ COO 03k 

7 i 9 6°) 

| So GHe(CH,) BD. oF 
ae 3 a 
6. Gis{(CH,) 8D (ec) 

| 7, ND,CH(CH,SD)¢oo u.3 4) 


qm erties a =e 


(ge) ke refera to the rate of abstraction from carbon, kx to the rate of 
. abstzaction from elements other than carbon, From nitrogen for sclutes 
Le 53 From sulfur for solutes 6 and 7. ; 


(p) x’ 4s the rate constant per CoH or NeH bond. 
(e} calculated assuming 6 equally reactive secondary H atoms, 
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(é) calculated easuming reaction of the tertiary H atom only. 
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Serisl No. NCI<697 
“Heio: xy Findines: Continued) 


The results for glyeyiglyeine are of significance for the 
agusous radietion chemistry of proteins, since they indicate 
that the reactions of H atome with the peptide bend will not 
produce free radicals with the odd electron on the nitrogen 
ef the peptide bond.. 


Significance to cancer ressarch: This project contributes to 
the kmouledgs of the initial free radieal reactions which are 
@ major part of the initial radiation damage in biological 
systems. 


TEgnesed 90 eourse of project: The rate of abstracting a deuterium 
atom from a <C-) or cNel) bond may be S=10 times ameller then ‘the 
vate of abstracting an H atom from a G=xH or NeH bond. In order 
to evaluate the importance of this deuterium isotope effect, 

the radiolysis of some representative compounds (CD eter sat and 


NDSCHy GOS) Will be studied in tight water. 


The extension of the present approach to ether functional 
gpoupe (hydroxide and guanidinium) is being considered. 
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Individual Pr ahec sS Report 
Calendar Year 1959 


: Part SS 
"Project Titles : 
"Service Radiation (Clinical Therapy) 
Principal Investigators 7 
Kirkland Brace, M. D. 
Other Investigators: 
J. Robert andrews, Me De 





Cooperating Units: 


None 

' - Man Years: 

Professional: 2/3 
Otherss l=l/2 


Totals 2-1/3 
Me Project Description: 


G@jectivess To provide radiation therapy for these patients 
requiring guch treatment in the course of the diseases for wnich 
they are. being investigated by NI research groups other than 

the Radiation Branch. 


ee ee ee ey 


ee ee en Tone 


Patient Material: A total of 189 consultations were sean in 
ae: the various departments of this Institution during the past 
12 months, A total of 16) courses of radiation therapy were 
al administered. 


loyed: A wide range of photon energies were used 





Methods Emp 





. and varicus methods of application vere employed. Fellowing 
are the number ef ccurses of treatments at the various energisa 
noted: 

160 courses of 2 Mev irradiation 

7 courses of 250 kilovolt radietion 

6 courses of 140 kilovclt radiation 

h courses of 60 kilovolt radiation 

8 courses of electron beam therapy 

1 cervical radium applicaticn 


} Major Findings: Response to radiation therapy has been gene 
; Sistens with responses reported by others. 


Proposed Course of Project: To continue. 
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io Radiation Branch 

2. Rad, Ther. Serv. 

3. Bethesda, Ma. 

FHS -NIB i 

Individual Project Report Zi 
Calendar Year 1959 


Proj ect Title: 


Childhood Cancer 


Principal Investigator: 


Kirkland Brace, M, D. 


Other Investigators: 


J. R. Andrews, M. D. and Louis V, Avioli, 31. D. 


Cooperating Unitss 


None 
Man Years (calendar year 195): Patient Days (calendar year 1959): 
Total: 1/u approx, 200 
Professional; i/h 
Other: 0 


Project Description: 


Cojective: The objective of this is to collect data on the 
treatment of malignant diseases of childhood, 


Patient Material: All children under the age of 18 who have 


malignant tumors. 


Major Findings: Malignant tumors of children are extremely raze 
and we have collected only 19 cases, We can only say at this 
point that histological diagnosis is particularly difficult and a 
very poor guide to the rapidity with which tumors will spread, and 
their radiation sensitivity, This program is significant to bik 
lopical research only in that we hope to gather enover date fron 
these extremely rare cases to classify these tumors ard determi: 
what place radiation therapy has in their treatment, 


5 9 


Froposed_Cour'se of Project: We propose to carry on with this 
rathered sufficient case raterial on which 
we can draw some type of conclusion, 






Part B included Yes {7 No {x7 
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1 : 
2, Had, Ther. Sexy, 

3, Bathesda, Md. 
‘PRS NTA ; : 
individual Project Report 

Celender Year 1959 

Paws Ao 
Project Titles 

Time as a Noa tice GE Titan RadLlation Response 
Pelnsipal Investigator 

Je Robert Andrews, Mo De 
Cther Investigators: 


Herman D, Suit, Mo Dos Stanley E Sneider, M. Do, Kirkland 
C, Beace, Mo Dog louis V. Avioli, M, D. and Gorden Sharp, Mo Dy 


Eeorerating Unites s 
‘ Nons 
Man Years (calendar year 1959): 
Totals 
Professionals 
Other s 


Project Deseription: 






of NCLeeel(e), ihe thearet! Elcel dosinetyy, “and general clinical 
eases of this project were reported in detail in 1955 end no 
variations have bean introduced or observed in 1959. 





1 oP nore seathal ago. The uaaien: survival time of this ae 
cf 40 ig 10 months. The patients included in the atudy are, in 
general, these with rather far advanced cancer of the head’ and 
neck. It is not likely that tha mdien survival time of 10 
months is worse than would have been attained had these patients 
bsen treated in a mare conventlonal manner with a smaller dose 
given over a shorter pericd of tims. Loeal cutaneous and otner 
normal tissue reactions have bean mild. In respect to the skin 
response the’ mild reactions are probably largely releted to 
absorption characteristics of a 2 Mew Usray bean rathar then to 
the extended time of irvadiation. In reapect to other norms 
tissue reactions the opposite may be the case. This case mate 
is presently being evltically reviewed and worked up for publics 








Proposed Course _c ef Project: Poident admissions to the projec 
ean suspended uml. such time as ths ease material has been 
eritical ily reviewed and worked UP BO that the project cath he 

adequately : veconsidered. 


Parb Bincluded  Yesfx J Nof/ 1148 
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Serial No. NCIa2 2 
PHS..NTH 
individual Project Repers e 
Salemlar Year 1959 . 


Part Bs: Honors, Awards, and Publications 


eawkesD 


Publications cther than abstracts from this projest: 
Andrevs, J. R. and Snelder, S. Eo, The Modification of the 
Hadjation Response, Am. J. of Reentgenol. and Radium Tharepy, 
81: 185, 1959. 

Honors and Awards relating to this project: 


None 
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ake ee tien Bb 
2, Rad. Ther. Fo 
3. Bethesda, Maryland 
PHS-NIH : 
Individual Project Report 

Calendar Year 1959 
Part A. 3 : 

Project Title: 


Distribution of S35 in Human Mssues ani Tumors and the Clinical 
Effects of Large Doses of S-35. 


Principal Investigator: 
J. Robert Andrews, M, D. 
Other Investigators: 


Lawrence Schlacter, M. D., James A. Rose, M. D., Jack Levin, Mo Do, 
Richard Swarm, M. D., and Hazel Gump, A. B. 


“Cooperating Unite: 
NCI-Pathologic Anatomy Branch, NCI-523 
Man Yeare (calendar year 1959)}< Patient Days (ealender year 1959): 
Total: 
Professional: 


Others 
Pro ject Desert ptton: 






Objectives and Methods Employed: fhe conceptual aspects ef the 
ject remain the same as reported in detail as NOT-2-656(e} £ 
calendar year 1953. The study has bean severely ae ear be 
appropriate patients have not become available. 











Patient Materiel: One other ease has bsen studied, is is the 
cage of an Seely male presenting with massive thoracic wall. 
intrathoraeie, and extratheracie chendresarcoma. Studies af the 
S=35 upteke in tumor and skin showed eonesntration of the S35 
in the tumor to be greater than that in the skin by faeters from 
5 to 30 depending upon the time or, perhneps, only the norms] 
variation, of the biopsies. 4 preliminary distribution study 
repeated following the administration of growth hermone and nei 
the relative nor the absolute concentration of 5=35 in tumor or 
ehanged. Following the preliminary studisa 388 me. of 5-35 ware 
given and two months later another dose of 335 me. was given. Thera 


C3 
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Patient Materiai: (Continued) 


was only slight depression of the white and platelet counts in the 
peried between the two desea but ) weeks following the second dose 
there was marked depression of the platelets and moderate depres= 
Sion of the peripheral white cells, These reeovered after tuo 
months but 6 months after the second dose the patient was feund to 
have a severe anemia and thrombocytopenia with petechias. This is 
presumably related to persistence ef hempoietie depression by she 
S=35 but clinieal etudies for the absolute identification of the 
cause of the peripheral blood findings have not bsen completed. 
On the other. hand, a patient treated similarly in the previous 
calendar year remains well ingofar ag normal hemopoietic fanetion 
is soneernsd and without symptoms insofar as the local mass of 
tumor of the pelvis is coneernsd. Both patients received lecal, 
intensive external beam x-ray therapy to the lesions fellowing 

the sulfur etudies. In the case of the male with the thoracic 
wall neoplasm this treatment became necessary because sf recure 
renee of uncentrolled, ulcerative tumer of the external shest 





SSC z xe) et: These studies will be pursued very 
nich a ag has een outlined above and in previous reports if ease 
material becomes available, It has become apparent that eareful 
attention has to te given te the matter of hemopoietic reservs 

and we are prepared to do the studies necessary to an anderstancing 
ef the effecte on this reserve. 


Part B ineluded Yea /zi Bo Lay 
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_ FPHS-NIH 
individwel Project Report 
Gajenday Year 2959 


Faxt Bs Honore, Awards, and Publications 
Publications other than abstracts from this projects: 


Andres » Je Res SWaIR, Re Leg Schiachter , Les Brace, K. Gas 
Rubin, Poy Bergenstal, D. Mog Gunn » Hos Siegel, S, and ; 
‘Swain, Re We, Ths Effects of Ono Curis of Sulfurs> Administered 
intravenously as Sulfate to a Man with Advanced Chondresarcane. 
This papex was accepted for publication in the Am. J. af 
Roentgenol. and Radiwun Therapy in 1958 and the galley proof 

has been received but far reasons unknown to me it has not bear 
published. 





Honors and Awards relating to this project: 


None 
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| *PES<NIH 
Individual Preject Report 
Calendar Year 1959 


ty 


Part As 


moscet Titles 
Clinical Radiation Dosinetry 
Prineipal Investigators 
Redert W. Swain 
Other Investigators: 
ne None 
Geoperating Unites 


None 


Man Years (calendar year 1959) Patient Days (calendar year 1959): 
Total: 11/3 
Professional: 1/3 
Other: 2 


Project Deseription: 


Objectives: To develop metheds forandto dstermine radiation 
desace distributions for various types of radiation th 
in the treatment of patients and to devise metheds ‘for Lea 
of radiation distribution within the patient. 






- 








Methods Employed: Chemical and ionization chembers for ele 
beam therapy. lonizetion chambers and phetesraphic methods 
Super vontane koray Therapy o 














ings: Work en the isedose 

ah wage of persennel, At the absent ee 
afd eabandeal components have been assembled fox semies 
Plotting of isedose distributions in water using & smali is 
tion chamber.. As time permits, trial suns will be mds te ¢ 
mine desirable modifications, 












To impreve desage distributiens fer treatment of mations. 
filters have been developed for use on the 2 Nev Van de & 
generators, Preliminary dosage distributions were made using 
film dosimetry methods. The studies made indicate a pessiol ie 
inaecuracy in the film methed which will be investigeted “he 
the plotter is completed, 
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Project Deseription: (Gentinued) - i 


The desimeters in the 2 Mey Van de Graaff Generators are being 
‘replaced by transmission ionization charbers conneeted to 
eurrent integrators which can be preset to turn the xerays off | 
at the end of a preseribed dose, This should lead to greater 
accuracy of treatment and reduce possibility of overexposure 
_ gince at the present tims, the technician is required te tum 
off the generator when a meter indicates the prescribed dose. 


Proposed Course of Project: Work on the iscdose plotter will be 


continusd with the objective ef making it as accurate as possible 
and as completely. automatic as practical. 





With the availability of the 256-Channel analyzer, a project vill 
be undertaken to determine SE epectra. 


Search will be continued for small iodization chambers er other 
types of dosimeters to facilitate assesmient of desage during 
treatment of patients, 
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FUS-NIH 
Individual Project Reports 
Calendar Year 1959 


Ko 


SSO 


Proieet Title: 
An Appraisal of Renal Function and Infeetion in Advanced 
Bisddsr Malignancy Treated with Ileal Bledder Construction 
and ie[rradiation. 

Principal Investigator: 
Jo Robert Andrews, H. D. 

Other Investigators: 
Jack Levin, M. D., Herman D. Suit, M. De 


Cooperating Units: 


None 
Man Yeara {calendar year 1959) Favient Daya (calendar ysar 1.9 
Totals 
Professionals 
Others 


Project Description: 


Obiectives: Evaluation of the results ef urinary athe 
diversion and radiation therapy for advanced carginom 
the Bladder, and an appreisal of renal funstien and ing 
in these eagsa. 


B 





athods OSG atients with Stage © ard D ca 
the bladder, A erate : bane kh, had urinary stream di 
construction of an ileal bladder (surgery perform 

Surgieal Branch of the National Cancer Insti inte), and 
sequentiy hed high doses (7000. to 8000 r in 7 wasks) ef 
Mey xeray therapy delivered to the bladder ard the surrounding 
pelvie structures, 





ne Materia Nine patients have been go treated. The 
cases and 2 eatiente whe have had diversion of their cen 
stream following xPay therapy have constituted the source for 
the study. 
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Major Findings: 


SSS Se 


A, The combination of diversion of the urinary stream and x= 
irradiation to the pelvis has resulted in marked sympto= 
matic improvement aa manifested by control of dysuria, 
frequency, urinary tract obstruction, and hematuria. 

- There has been at least temporary control of tumor fol- 
lowingirradiation. However, 9 of the 11 patients are 
now dead, 7 of the 9 with distant metastases. The tw 
living patients have survived 25 and 3 months respectively: 


B. Renal funetion and bacteriolegical studies. 

Renal frmetion has been studied in these patients by means 
of the blood urea nitrogen, serum creatinine, ara 
clearance, and fractional PSP exeretion. Infection of % 
urinary tract has been assessed by the use of quanti tat ee 
urine cultures, Following diversion of the urinary stream 
and treatment with irradiation, renal funetion as measured 
by the blood urea nitrogen, serum creatinine, and IVP exam 

 dnation indicated a prompt and striking return to normal 

- levels. However, the endogenous creatinine clearance and 
fractional PSP exeration did not show any such improvement. 
On the contrary renal funetion as measured by these tests 

' was markedly depressed, This surprising divergence of data 
is as yet unexplained. 


There was no significant change in the percentage of positive 
quantitative urine cultures post-operatively. Presumably, 
therefore, infestion of the upper urinary trast is not 
eradicated by urinary stream diversion. in these pattenue 
the absence of clinically acute pyelenephritis does not rule 
out the presence of a silent infectious process cee in 
the kidneys. 


Although none of our patients emnstrated evidence of 
urinary tract obstruction following urinary stream diversion 
our data suggeste to us that damage to the kidneys from pre= 
longed urinary tract infection and ureteral obstruction is 


not necessarily correeted by rellef of urinary tract obstruc- 


tion, and the extent of bacterluria remains unaltered. Wa 
have concluded that our patisnta remain in a marginal etatus 
with respect to renal function despite the apparent benefit 
indicated by the serum creatinine, BUN, and TYP. The eae 
Guré vas, however, of real Sometntte penefit to the patien 
and greatly facilitated radiation therapy. 


It is suggested that renal function is more compromised in 
thess patients than appreciated previously, and that further 
study is needed to svainate the leng term effects and benefits 
from urinary stream diversion and irradiation in cancer of ths 
bladder r) ‘ 
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FHS.NTH | 
individual Project Repers = 
Calendar Year 1959 


Part Ase 


Projest Titles 

Radioactive Isotopes in Interetdtial Radiation Therapy 
Principal Investigator: ; 

Hormn Dy Suit, M; D, 
Other Investigators s 

Robert W. Swain end Calvin R. Mencken 


Cooperating Unites 


Z 


Nene 


3 
a) 
by 


p 


iS 
besos 
6B 


feu 
% 
wh 


Man Years (calendar year 1959): Patient Days (calender ye 
Totals 
Professional s 
Other z 


Projeet Deseriptions 


Coiectiive ves: (1) Te davelop a technique and equipusnt fap 
placing small radicactive sources, as a permanent’ implans, 
in inaccéssible anatomical regiens, so as to deliver a nig B 
total dese localiy but a low dese te the operator and oth 
medieal and nuraing staff. (2) Te develop technics endl’ 
equipment for achieving dose distributions comparable Ww 
thet cbteained with radium needis therapy bet with greats: 
flexibility as te deze distribution ana with reduced 
radiation exposure to operator and staff. 





Po 
te 


3 This Vas deseribec 
» report of calender yea 














Proposed Courses of Project: The magazine lesding radi. 
seed implmriing device hee heen leaned to Ir, Gilbert § 
M. D. Anderson Hogpitel, te use in a centrolied study 
ef the urinary bladder. Casss will bs treated on a ¢ 
basis using external beam radiati.ca therapy in bot ~ 2 
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Serial Noo NCIe2-468(c) 
Projest Description:  (eentinued) 
eupplementary redieactivity Laplextatkon therapy in one 
ever. Ths M, Do Anderson Hospital has the patient 


aaxterial and the other resourses to conduct an extensive 
teial of the instrument. 
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PHSoNTA 
Individual Projest nee 
Calendar Year 1959 


Part Be Honors, Awards, and eee 


Publications cbhor than abstracts from this projeate 
Nans 


Honers and Awards relating toe this projects 


An exhibit on this meterial was prepared end shom at the 
Anruel. Msatings of the American Roentgen Ray Society in 
Cincimmati and et ths Annual Meeting of the Radiclegical 
Seelety of North America in Chicago whare it reesived a 


citetion. 
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Serial No. NCI-2<670(¢) 
1, Radiation Branch 
_2,. Rad. Ther, Serv. 
"3, Bethesda, 4d. 
_ PRS-NIH 
Individual Project Report 
Calendar Year 1959 


Fart Ag 
| Project Title: 
Studies en Thyroid Cancer 
Principal Investigator: 
J HEC Be Andrews , M.D. 
Other Tnvesti matures 
Theodore Robinson, M. D., James Rose, M. D, 
Cooperating Units: 
None | 
Man bral (calendar year? 1959): Patient Days (calendar year 1959): 
otal: 


Professionals 
Other: - 





Project Description: 


Gojectives and Methods Employed: To study the factors inflnencis 
the response of carcinoma of the thyroid gland to radicactive 
iodine in association with thyroid hormons treatment, To stucy 

the turnover rates of primary carcinoma of the thyroid and 
metastases and their response to hormonal. and other factors. 
To study the hormone effect, and hyperthyroidism on thyroid 
tumers, This study involves a variety of considerations incin= 
ding technicological, biological, endesrinological and pharma-= 
cological aspects, Technical studies are concerned with orc 
associated with the identification and evaluation of radiocac 
in specific organs or anatomical sites, Biolo~ical studies 2 
concerned with the relationship of the histopathological char-— 

. acteristics of thyroid cancer to radicactivity uptake and response, 
Hormonal considerations are concerned with the relationship of 
tumor control to the hormonal status of the individual alona 
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Project Description: (Continued) 


and in combination with radicactive icdine, Also being studied 


is the relationship of turnover rates (of RAI=131) of thyroid 
tumor in relationship to the ingestion of thyroid products and 
other substances to see if radioactive substances may be heid 
in tumor tissue for a longer period, thus increasing the amount 
of radiation to the tissue, 


Patient Material: Proved cases of carcinoma of the thyroid, 
either primary or secondary or both. 


Major Findings: Findines from this study seem to show that the 
use of radioactive iodine Along with thyroid hormone seems to 
have a tumoricidal effect beyond that of .mere radioactivity 


alone. Tue to the fairly recent orizin of this combined technique 


equivalent studies to which our results could be compared are not 
readily available. Results also seem to show that mere thyroid 
hormone alone may have sore effect on causing regression on 
thyroid tumor, Work with small animals seems to show that admin- 
istration of thyroid hormone causing the animal to retain the 
hyperthyroid state increases the radiation respmse, It also 
seems to increase the radiation response to tumor within the 
animal and possibly hyperthyroidism alone in one form of tumor 
may have a somevhat slowing effect on the growth of the tumor, 
Results are questionable as to whether or not turnover rates of 
funetioning thyroid tumor may be demonstrably altered by the use 
of endocrinological asents, 


Proposed Course of Project: To continue, In addition to continu: 
those observations which are deseribed above a atudy of hamags 
ating autoimmune antibodies in response to thyroglobulin and + 
fractions is also being undertaken. 








Part B ineluded Yes // to J 
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PHS=NIH 
Individual Project Reporé 
Calendar Year 1959 





| Project Titles 
Radiation Induced Dyaplasias of Bens 
—s-Principall Investigator: 
a Philip Rubin, M. D. 
Other Investigators: 
Hasel Gusp, A. B., Richard Swarm; M. D., and J. Robert Anirews, Ms D. 
Cooperating Units: 


a Strong Memorial Hospitel, Department of Radiology, University of 
Rochester, Rochester, New York 


Man Years: 
Totals 
Professionals: 
Others 


Se ae ee ed 


Project Deseriptions 





of dysplasias ef bone by 4rradiation with either internal emitters or 
external x-irradiation. The internal emitters employed were S=35 and 
Sxr-90, S35 affects largely epiphysial srewth and metephysial ch 
while Sr-90 affects largsly diaphysial growth. External irradiatie 
was given selectively to either an entire bone, the epiphysis 2 






ee a 


i 


of the experimental aninel were developed. 





Mator Findings: It was fourd that leeal irradiation of portiong of 
growing bone in appropriate doses caused characteristic defe y 
of the bone. Thess deformities were related to esrtain thse 
aspeets of bone modeling and to the clinical osteochondredyztzonh 
On theoretical bases good correlation could be shown between the 
perimentally induced radiation dysplasias and the characteristics of 
the clinical: osteochondredystrophies ef unknown causs, The results 
ef this study have been published. 












ee ee a 






of te This project was brought to compilation 2% 
ae Grivereity of Rochester studies commenced by Dr. Philip Rubin and 
others while Dr. Rubin was 2% the National Cancer Institute, = — 


Part B included: Yes vo f_/ 
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Objectives and Methods Employed: This preject concerned the Inducticn 





motaphyais or the diaphysis. Novel means fer precise cele irradiation 











PHS=NIH 
Individual Project Repert 
~ Calendar Year 1959 
Past B. Heners, Awards, and Publications 
Publications other than abstracts from this project: 
Rubin, Pe, Andrews, J. R., Swarm, R. and Gump, H., Radiation 
Induced Dysplagias of Bone, Ameriea Journal of Reentgenology 
and Radium Therapy, 82: 206, 1959. . 
Honors and Awards Relating to this Projects 


Nene 
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2. Rediatio Branch 
2, Rad. Thee. Serv, 
3. Bethesda, Md. 


PHSoNIH 
Individual Preject Repart 
Calendar Year 1959 






“Part A. 
“Project Title: 
Development of Wedge Filters for a 2 Mev X-ray Beam 
Principal Investigator: 
Stanley E. Sneider, M. D. 
Other Investigators: 


Herman D, Suit, M.D., Robert W. Swain and J. Robert Andrews, M.D. 


en 


Cooperating Units: 
None 


Man Years (calendar year 1959) 
Totels 
Professional ¢ 
Others 


Sf a ee ee ee 


Project Deseription: 


| Objectives: The iscdose curves used in conventional radiation 
therapy iie flat across the field, that is, they ere fairly 
parallel with the surface being treated. We have undertaken 
to change the shape of the isedose curves produced in a bean 
of xerays from a 2.Mev Van de Graeff accelerator so that the 
eurves form an acute instsad of a right angle with the eentral 
axis of the beam, The idealised curves would begin at one 
edge of the field at a point and ascend at a given angie (L5° 
ee 60°) in e straight line aeross the width of the field. 
This: distortion of the radiation disttibution in a field is 
useful wnen two or more fields are comined in the treatment 
techniques for certain anatomical sites in sharply diminishing 
the radiation given outsides of the velume of the disease 
bearing tissue and in partially or completely avoiding struce 
tures which are sensitive to high dose irradiation, Although 
wedge filters have been in clinical use in a few radiation 
therapy centers for 20 years, we planned to study wedge design 
and eamposition (effect of atomic number) in an attemst to 
produce “idealized” angling of the iscodese surface, 
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‘Project Description: (Continued) 


In addition to the desien of the wedge filters themselves 
we have been concerned with (1) the possibility of Se Just 
two wedged filters for specified angled isodese eurve (e.g. 5°) 
over a range of clinically useful field sizes; (2) the employment 
of lucite bolus material at the machine head to compensate for 
air gaps when the x-ray beam enters the surface of a patient 
obliquely; and (3) the evaluation of this treatment technique in 
actual ease material. 


Methods Employed: On a set of standard iscdose curves lines 
were dram at u5° or 60° te the central axis of the field. Thess 
lines started at one edge of the field and ascended across the 
field. The starting point is taken to be at the surface edge 
projected into the phantom rather than the gecmetric edge, The 
angled line is planned to have a single isodese valve and this 
walue is taken to be the value of the standard isedese curve 
which thé newly drawn angled line intersects at the field sdge, 
At various points along this angled line differences in per 
centages of degth dogs between the value of the angled line and 
the regular isodose evrves sre determined. The amount of lead 
required to achieve this reduction in the depth dese is then 
read from an absorption curve for the 2 Mev. beam in lead, This 


absorption curve was determined experimentally for our machines 
using a 10 x 10 em, field. This precedure then gives the height 


of lead at various points across the wedge to effect the desired 
dese. reduction, 


The width of the wedgs ig then adjusted to 4.8 em, se Heath 


it ean be placed at the machine head rather than at the patients 


surface. A piece of pure lead ws then mechined te hsve the 
sontour calculated, 


_ Kodak positive «rain flim was sealed in a mascnite phanten, 

25 x 25 emo, and exposed to the 2 Mey x-ray beam. A nunber of 
exposures of this type were carried out with and without the 
wedge filter in the beam. The films exposed without the wedges 
served as controls, Catrols and wedged films vere devslopad 
simultansously and in similar manner. As the blackening of the 
film is related to the radiation dose f densitometer wes used. 
%@ estimate the shape of the isodese curves, 


This 4.8 em. wedge permitted a range of field sizes from 
7 x Tem. to li x 1h em.3 a wedges 3 em. wide was then milled 
having the same absolute lead thickness of the 4.8 em. wedges. 
This 3 em. wedge permitted a range of field sizes from 4.5 x 

em. to 8.5 x 8.5 em. The smaller cne ean be used for small 

fields and the larger one for lerge fields by simply mov ring the 
wedge closer to er further from the machine head, The validity 
of thig concept was checked by the film procedure mentioned 
above, 
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Project Description: (Continued) 


When the incident x-ray beam enters a surface obliquely 
one edce enters the absorbing media before the other. . Because 
of this the isodose curves are not similar to those obtained 
when the beam is normal to the surface, To compensate for the 
lack of absorbing media in part of the bear. a wedved piece of 
lucite bolus was made to fit with or without the wedse filter 
at the machine head, The film technique was used to check on 
the resulting isoddése curves wien the ducite bolus was used 
for wed:ed ablique fields and when it was not, 


A case of carcinoma of the right vallecula and ¢slosso= 
oharynveal svlevs vas used as a practical application study. 
Film was sealed in a shaped like a head and neck and exposed 
in the same treatment set-up, using odliqued wed:ed ficlds, as 
was the patient. This film was scanned as mentioned, | 


A total of three wedges were constructed (two for 15° and 
one for 60°) and evaluated as indizated, 


Major Findings: The angles of the produced isodose curves were 
nearly at the predicted values. A discrepancy in the depths of 
particular curves was noted, however, It is thought that the 
response of the film used is dependent upon the energy of the 
X-rays to which it is exposed if the x-rays are less energetic 

. than 200 KV, Because of the discrepancy in depths of the curves 
it is nelieved that the scattered radiation within the phantom 
contains appreciable quantities of x-rays less energetic than 
200 KV. Thovgh the curves were nearly at the desired angles, 
the deviation of the curves from the predicted values was in the 
direction that wovld occur if the discrepancy were due in larce 
part to the increased response of the film to the less energetic 
meray es 


The concent of using two wedge filters for a ranze of field 
sires from 4.5 x 4.5 to ly x 1) em. proved to be accurate from 
the film analyses. Likewise the use of lucite bolus proved to 
be helpful. in compensating for the air gaps made when the beam 
enters cbliquely. Study of the particular case in question 
showed that the volume desired to be treated had a fairly uniform 
dose and that outside of this volume the dese wes no more than 
half. 


Significance to Cancer Research: The development of wsdse filters 
Specifically for use here will extend the ranze of techniques 
available to the radiotherapist. In selected cases, treatment 
planning will be easier in that in comparison to conventional 
techniques this technique will allow a smaller number of fields, 
reduction of the dose delivered to tissues outside of the area 
being treated and parcial: or complete avoidance of sensitive 
structures, 
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Project Description: (Continued) 


Proposed Course of Project: At present a scanner using a moving 

onization chamber in a water phantom as a recorder of dose is 
under construction. It is planned that the lonization chamber 
will be independent of the energy of the x-rays to which it is 
exposed over the ranve of interest to us. -It is planned to re= 
check the results of the film technique with this chamber scanner, 
In addition more specific tumor situations will then be evaluated 
and studies concerned with the use of different metals besides 
dead will be possible, | 
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1. Radiation Branch 
2. Rad, Ther. Serv, 
3. Bethesda, Md. 


PHS-NIH 
Individual Project Report 
Calendar Year 1959 


Part A.. 


Project Title: 


Studies on Bronchovenic Carcinomas; Comparison of Combinations 
of Chemotherapy and K-Ray with K-Ray Alone 


Principal Investicator: 
J. Robert Andrews, M. D. 
Other Investigators: 


Kirkiand C, Brase, M. Do, C. Brindley, M. Do, 
Gordén Sharp, M. D., and Lovis V. Avioli, Mo Da 


Cooperating Units: | 
Lemuel Shattuck Hospital 


D, ©. General Hospital 
Johns Hopkins Hospital 


Man Years (calendar year 1959): Patient Days (calendar year 1959): 
Totals 1 
Professional: 2 
Other: 0. 


Project Descriptions: 


Cojectives: Since most, if not all, of the investigative 
aporoaches comparing the effect of x-ray alone with x=ray 
combined with nitrogen mustard therapy as possible treat- 
ment for bronchozenic carcinoma, have been retroactive cones, 
this project has been established to permit the complets 
randomization of selection essential for such an analysis, 


Methods: All patients will receive radiation therapy during 
the course of treatment and are to be randomly divided into 
three groups: 

1.) Those receiving radiation alone, 

2.) Those receiving mustards before radiation. 

3.) Those receiving mustards during radiation. 
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Serial No. NCI-696 
Project Description: (Continued) 


Patient Material: Patients will be included in the study when 
they have had: 


1.) Blopsy proof of inoperable or recurrent broncho:enic 
'  careinoma, 

2.) Any previous treatment with x-ray, or alkylating 
agents must have been concluded at least six weeks 
before the start of the study. 

3.) Existence of a unilateral pulmonary lesion visible 


by ‘X-Pay e 
Major Findings: The study has not been completely evaluated 


as yet but every patient treated with X-radiation t» date has 
evidenced some regression of tke neoplastic process, The serics 
has not been prolonged enovgh to appreciate any additive effects 
of nitrogen mustards at the date of this writing. 


Proposed Course of Project: To continue. 


Part B included Yes [7 No [x7 
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Serial No, NOT-698 
, Radiation Branch 
2, Rad. Ther. Serv. 


3. Bethesda, Md, 





PHS -Nin 
Individual Project Report 
Calendar Year 1959 


‘Project Title: 


"Oxygen Effect" and Tumor Size in Local X~irradiation of the 
C3H/BA Mammary Adenocarcinoma. 


Prineipal investigator: 


Herman D. Suit, M. D. 


- Other Investigator: 


lawrence Schlachter, M. D. 


Cooperating Units:. 


None 


Man Years (calendar year 1959) 


Total: | 
Professional : 


’ Others 


Project Descriptions 


Objectives: To determine the effect of increased oxygen tension 
and initial tumor size on the lecal response of the G3H/AA 
Transplantable adenocarcinoma after x-irradiation, 


Methods Employed: The CaH/BA adenocarcinoma was transplanted 

tramuscularly in the thighs of C3H Heston strain mics, and the 
response of this tumor was measured using local cure as the 
criterion of measurement. Anaimals bearing tumors with a mean 
diameter of 1 em. and animals bearing tumors with a mean diameter 
of 2 cm. were irradiated in separate groups, half of each group 
being irradiated under air at one atmosphere and the other haif 
under 100% oxygen at two atmospheres of pressure. 


Major Findings: There was found no statistically significans 

erence the local response of the tumors in those animals 
treated with 100% oxygen at two atmospheres and those animals 
treated with air at one atmosphere but a statistically signific 
cant increase in local cure was obtained when those animals 
bearing small tumors were irradiated as contrasted to thoss 
animals bearing large tumors... 
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Project Description: (Continued) 


Significance to Cancer Research: Improvement in clinical 
radiotherapy . ite ease 


Proposed Course of Project: To be discontinued, 
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Serial No. NCI=16-756 (« 
1, Surgery Branch 
26 ! 
= 3. Bethesda, id. 


PHS-NIH 
individual Project Repert 
Calendar Year 1959 


Part A. 


Perojece Title: Removal of Cancer and Other Tissues for Hiatelogic, 
Biechemical and Other Studies as Required by 
Selencists and Other Lavestigators for Correlated 
Studies... 


Prineipal Envestigeter: Or. Rebert R. Smith 
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Other Investigaters: Dr, Alfred S. Ketcham and Dr. John F. Potter 


Cooperating Units: None 


Man Years (calendar yeer 1959): Patient Days (calendar 
Total: 1 year 1959): 
Professional: 1 


Other: 9) 
Project Description: 


Objectives: 


The object of this project is te supply human tissue for 
histelogic, histochemical, bieckemical and biophysical studies to 
scientists working in warieus branches of the Metional Cancer 
Institute, who require tissue for studies. Im addition, it implies 
furnishing general surgical coverage of patients admitted to other 
branches of the H.C.I. and, or other institutes, and assisting with 
their study projects. As 2 rule, such studies are done as 
cooperative projects with varleus Lavestigators but om occasiens, 
spacifie types of tissue are required for specifie studies, For 
exemple, one investigator requested that specimers of skin and 
its associated neoplasm be made available for heratinization studies, 
amd various muscle biopsies and, or biopsies of Liver tiesue under 
epecific comditions have been requested, These matexials are 
usually obtained during cperations for stendard therapeutic reasons, 


Methods Empioyeds 
Methods employed are standerd surgical procedures. 





Patient Material: 


Material for this project is obtaived mostly from patients 
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bespitalized for study in other projects in ether branches or 
institutes, Occasionaily, it is necessary to admit patients for 
specific studies im which a specific type of tissue is obtained. 
There have been several examples of this, mostly at the request 
o£ the dermatologist who wanted large volumes of basel cell 
carcinomas for a specific study. Even in these studies, data 
fer other projects were chtained; for example, the wound seeding 
study and anether example is a beryllium granuloma. On several 
occasions patients were admitted by other institutes for material 
for special in vitro studies (mostly thyroid edenomas) and 
patients with chstructive jaundice in order te obtain bile for 
biechemiteal studies. It is difficult from the data available te 
darermine juet which cases were admitted for specific studies, 
There were £71 minor eperations done tc obtain tissue for biepsy, 
and, or biechemical, biophysical, and histechemics! studies. 
im addition, there were 57 major operative precedures performed 
fer other investigators. This surgery werk lead was derived fron 
answering 643 requests for consultation. 


Mejor Findings: 


Presented in reports ef ether projects by other imvesti- 
gators. ; 


Significance to Cancer Research: 


Tais project is more or less a service function for 
ether branches of the Hatiowel Cancer Inecitute and the Naticnai 
Institutes of Health. 


Prepesed Course of Project: 


The nuaber ef such cases seems to be increasing as 
demang for assistance im obtaining tissua for special study 
inereases. 
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Individual Project Report 
Salendar Year 1959 





Froject Title: Evaluation of Redical Surgery end the 
Development of New Surgical Techniques 
as a Therspeutie Means ef Palliative or 
Definitive Therapy of Cancer. 


Principal Investigators Dr. Rebert R. Smith 

Otaer Investigators: “Dr. Alfred Ketches, Dr. John Potter, 
Dr. Johm Dilien, Br. Robert Hoya, 
Dr. Marvin Remsdehi, Dr. Howard Redwin 
end Dr. Jack Bloen 


Coopereting Units: ons 


Man Years (calender year 1959): Patient Daya (calender 
Totals 1-344, year 1959) 2 
Professionels i} 

Other #* 
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Project Deseription: 


Objectives: 


The objectives of this project are to develop and improve 
4 methods of obteiniag increased palliation and/or definitive cure 
x of cancer in magn. Im addition, the study attempts to evaluate 
the rehabilitation status of patients undergoing radical surgery. 


Si a Tal ee 





| This project is made up of a number ef separate parts, with 
clinical and laboratory components. The clinical pert consists ef 
| avaluetion of radical surgery, mostly head end ncck end pelvic 
cancer patients. These patients have preven cancer with no clinica? 
evidence of epread bayond the operative area. The study involves 
review of specific typss of ease records which now are beginning 
te accumulate im numbers wrich allow some enalysis of method and 
results. a 
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A er - Fratients with more edvenced carcinoma of the 
cervix atari without evidence of distant spread, are admitted 
for study. These patients receive as complete a work-up es 
possible end ere felleved in e conbiguing study to determine the 
biologie Eshavior of this type of cancer influenced by various 
treatment regimens. The cases tnat are operable receive excis- 
fonel surgery. A total pelvie exenteration consists of removal 
of the contents of the pelvis, including the rectum, uterus, 
aduexa, vagina, urinary bladder, end all pelvic lymph acdes. 


£8 enterior exenteration is the same except the rectum remaina 


intact. The important chenge im operative procedures is the use 
of an ilsal conduit in place of a wet colostomy in cases eS which 
it is necessary to remove the urinary bladder. é 


An atteapt is being made to cerrelete the various parameters 
used in the preeperative work-up of patients admitted to tke 
Clinical Center with carcinoma of the cervix with the findings 
at surgery, in the patholegy specimen, end et postmortem. An 
attempt will be made to sveluate the prognostic significance of 
the varlous preoperative tests and both surgical and pathologic 
findings. A careful review of the postoperative course of all 
patients will be made to evaluate our current metheds of follow-up 
emi to compare to some extemt the courses of operable end inoperable 
patients and tne efficacy of radical surgery im treating carcinena 
of the cervix. 


The evaluation of the ileal leop involves the correlation of 
the clinical course of the individual patient with objective 
measurements of renal function, x-ray studies and urine mltures. 
Farticular attention is given te the ability of the ileal bledder 
to prevent progressive renal failure, which has often already com 
menced at the time of surgery. All patients for whom ileal loops 
have been created prier to duly 1, 1959, are included im the study. 
Teese consist primarily of women with carcinoma of the cerviz 
together with e much smaller mmber of patients with carcinoma of 
She urinary bladder. 





i ond Hesk Cancer - Fatients with primary eancer of tho head 
end meek area ere y edini teed fer complete work-up. Of special interest 
%o this project is the group of peranasel simus sencers. These 
cases are subjected to radical excision by a coubined ansuro- 
surgical approach. This procedure has been described previously. 
Vary few patients with this type cancer are seen at eny tize, 
ay requires that the study be cont Gied over a jong peried of 
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Dr. Robert Hoye is analysing the group of head and neck 
cancer patients who hsve hed en autopsy performed, end Dr. Mervin 
Romsdahl is reviewing cases ef sarcinoma of the larynx and pharynx. 
These cases are reviewsd with the intent of determining the results 
of different types of therapy, changes in the biology of the cancer 
produced or associated with therapy, and the sociel and econcmic 


pehsbilitetion of this group ef patients. Fatients will be included 


in the rehabilitation study who are eat least six months postoperative 
and without evidence of recurrent disease at the time the evaluation 
is mvie, The four areas for evaluation includes (1) activities of 
daily living, (2). activities of family life, (3) activities of con- 
munity life, and (4) earning ebility end employment. Each patient 
will be evaluated OY interview and given a grade both preoperatively 
(prier to onset of disease) and postoperatively. These gredes will 
then be tabled im each specific category from all patients studied 
and. comparisons determined between preoperative status and post- 
operative status. The difference will then be indicative of adjust- 
mont im each specific category. 





sancer - Approximately 160 patients with cancer of the 
aeerian: Cenvie have been seen since the opening of the Clinical 
Genter. A majority of these received some form of definitive 
sargery (+ 65%). Most have advanced cancer and +50Z% have hed 
previeus rediation therapy. Many of these patients were also 
studied in the virus therapy pregran. Those patients that have 





_ bed exenterative surgery hes material for the ilesl bledder 


study (2 6 pts.). 


Approximately 106 patients with invasive intra-oral and/or 
pharyngeal-laryngeal cancer have received definitive surgical 
therapy. Twenty-five of these have come to autopsy and provide 
material fer speciel study of the biologic behavior of this type of 
cancer infiuenced by surgical therepy. About 40 patients that heve 
hed redical excisions of the head end neck area have returned Acze 


et least six gomths ago and are nov free of disease and are aveil-= 


able fer study as to the secial and economic rehebilitation they 
have made. 





ge Gencer Group - A complete Feviou of this group cf ceses is 
aaier: ‘way end will be available for study in the next fey months. 
Im gencrel, it appears that exenterative surgery dees have a vorth- 
unile place in the treatment ef cercinoza of the uterine cervix. 
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| We have learned that sociel rehabilitation and acceptance of these 
. patients by thelr family and friends resains good as lomg as they 
remain free of their camoer, The colostomy and/or ileostomy menage- 
ment depexds upon the sincerity and diligance of the physicien-nurse 
traiming given the patient. The procedure has becaze accepted in 
a the community as demonstrated by the referral of suitable patients 
Be!  o our service by the professors of gynecology of thé local medical 
schools as well as by most of the gynecologists in the area. 


\ The ileal bladder appears to be a satisfactory method of urinary 
diversion in the cancer patient. Ascending infection and hyper- 
chieremie acidosis are unusual when this technique is compared with 
the previously employed msthed ef wet colostemy. Reentgenclogic 

studies indicate leprovement in renal function in almost heal? the 

patients. Deterioration is rare im the absence ef recurrent tumor. 
gq : Still to be interpreted is the significance of the presance of 

ureteral reflux together with continued bacterial contaminstion in 
 ~ @ large number of patients. The most worthuhile facter observed in 
ae the ileal bladder group is the marked improvement noted in the case 

% of nmurse-patient menegenent. As the study progresses it becemes 

; Bore apperent that this method of urinary diversion is inherently 

sound asd that the technical problems of the surgery depend upon 

the ability of the surgeon. When failure has occurred, it was found 

ee: dependent uporm regrowth or extensicn of the original cancer, 











ad apd Neck Cancer Grong - We have thus far reviewed 25 patients 
o satisfy the above criteria. Twelve different primary cites are 
represented end approximetely equelly distributed between those . 
patients with distant mstasteses and those without. Thirteen patients 
have demonstrated spread below the clavicle to 17 different organ 
: eystess. The lung contained metestatic tweor im 12 of the 13 cases 
and this insidezes differs quite markedly from the 12.7% incidence 
of lung involvenent in the 66 patients with distant metastases re- 
ported by Braund and Martin in 1941. Three of our patients with 
distant spread did not have any cervical lpmpk node involvement 
and in none was there invasion of the intermal jugular vein. The 
only patient with internal jugular vein invasion died seven months 
later without evidence cf distant spread. Im the series reported by 
Braund and Martin the intervel from the time of primary treatment to 
ceath was the same in those with and those without distant spread 
end averaged eight months. In our series this interval was nineteen 
months im the group with distant spreed as compared to tem months in 
those without distant spread. in the group having distant matastas 
every patient living longer than three months following srimary treet= 
ment developed end wes treated for at least one local recurrence of 
bis tumor. in all there vere 26 recurrences in this group as compared 
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to 6 in the group not demonstrating spread below tke clevicies. ! 
In the 15 patients with distant motastases, 11 had evidence of lecal 
at G@izeasa at eutopay, the 2 mot demonstrating local disease at autopsy 
: hel recurrences excised seven and twelve monthe previously. 


eee se | -Hhen the histelogle type of twzor was broken down into are- 
plastic, moderately vell differentiated, and well differentiated, 
there was se evident correlation among the two groups. 


; For any therapeutic measure to be accepted as worthwhile, it 

. gust be safe end produce improvement in the general well-being of 

i the patient that allows them to lead a useful life within the 

limitations of their preoperative status. Ths effectivences of any 

a surgical procedure is msasured by the risk of operation compared 
with the risk of the disease. During the past yeer studies heve 
been umderteken to evaluate the rehabilitation status of patients 
treated 2-5 years ago. Detailed results of these studies are not 
availeble. From individuel experiencs, however, it is believed 

j thet patients with advanced cancer cen be rehabilitated after radical 

_ surgical excisional therepy, and that even im cases where pellietion 

only is possible, worthwhile resulte can be obtained. A statistical 

eveluation of these reecits will be available in six months. 


A&A study of surgical complications for the year September 1958 + 
1959 has been completed. The resnlts show that at MCI the complicetion 
rate is vell within accepteble limits end that operative mortality is 
yery iow. During thie peried, 245 major and 214 minor surgical axcis- 
: ; ions were performed. There wore 7 deaths occurring within the 3i-day 
| postoperative pericd. Three of these occurred on 10-East end are 
legitimate operative deaths. They were due to (1) om acute myocerdial 
iafection occurring ten days after an exenteration of rectum and 
bladder, (2) en exsenguinating heaorrhage from the carotid ertery 
seven days after a laryngectosy end neck dissection, and (3) en 
unresolved death agzsociated with irreversible shock occurring five 
days after exploration for intestinal. cbstruction cceurring one 
month after total pelvic exenteration for edvanced carcinome of the 
cervix. Autopsy, still incomplete, showed thrombosis of the laver 
vena cava but no anatomic changes tnat could heve unequivocally 
caused her death. 


The remaining four deaths were es follows: 
(1) A patient died of hepatic failure due te acute infecticus 


hepatitis oceurring im a patient with cirrhosis of the liver, Death 
occurred 9 feu days efter exploration to rule out any possible 
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extra-hepatic obstruction that could be relieved. Bone was found. 


(2) A patient with macroglobulinemla died tuo deys efter 
; exploratory lagersteay with signe of acute peritonitis. None was 
ie found. She dic have am infarcted spleen. 


(3) A ekoriccarcinema patient died of hemorrhage six days 
efter a "lest ditch" effort te control hemorrhage fron tumor that 
extened to the lateral pelvic walle 


PS ee ae Ree 


(4) A Rediotherapy patient with cercinoma of the 
developed ae perforeted colon with generalised peritonitis. One month 
later massive gastrointestinal bleeding required a subtotal gastric 
resection to remove gastric and ducdenel uleer. On the seventh post- 
operative day ke died with a septicemia due to hemolytic Staph eureus. 


It ig the writer's personal opinion that im the lest four cases 
surgery was only incidental to the factors that caused their deaths. 
The remaiming threes deaths in 245 sajor cperetions gives an operative 
mortality rate of 1.1%, a reasonable velue considering the mee 
ef the surgery involved. 


There were 44 lafestions cecurring im the 245 major eases, giving 
a crude infection rete of 17.98. If the date is caleulated upon clean 
eases only, the infection rate was 2.4%. If contaminated cases are in- 
eluded (S.6. those with preoperative cultures of pathogens from secretions _ 
or those whose bousl or cropharyur opened inte the operative field) but 
excluding dirty cases (those who at the time of surgery had a documented 
infection) the corrected infection rate was 13.9%. A majority of our 

eases fit into this group. 


When one tries to determine possible causes for the infections 
observed, three facters appears 





¥ APALY Of URS. SER mds This wes present in 
20 of the hee cases cere skin flepe in radical breast aeputation or in 
groim dissections). It is assseiated frequently with extensive pre 
epsrative radiation, end in many instances, a necessery facter of cancer 


ee ee ee ee 






a 

y SUPEOTY . 

: BY & SLRE MASSE: @ ROSI GI Ve pezo= 
4 4 ADB SES ) found is 39 of che 4, casas: Ts da inter 
t acting | to note eEatr an additional 17 patients entered the operating roca 
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develop subsequent postoperative infections. 
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in 19 inetancsalr Theser “aeaa include those in wick the mouth, pharyax, 


_ trachea, or gestrointestinal tract opened into the wound, or known 


contamination by preogerative cultures of skin or secretions draining 


into the operative fiela. It was noted that in 4 of these cases there 


was significant avascularity end in 9 there was continued bathing of 
the wound in contaminated sputum. 


The very nature of most cancer surgery determines thet meny wounds 


will be contaminated. The problem therefore is one of learning how to 


these patients so that the bedy defense mechanisms can be 
strengtaened so that mounds will heal end generalised infection Bot 
develop. 


On the basis of this retrospective stedy of operative complications, 
@ perspective study is underway to measure the effectiveness of prophy- 
lactic antibictic therapy in contaminated cases. Our experience with 
present metheds has shown thet the antibiotics used in the past were 
ef wo value, for the organiems cultured frem these wounds wore resistant 
to the antibiotics used. Theres was no indication frem the study that 
the operating rooms or our wards vere tke source of infection. In fect, 
the problem lies in the infection the patient takes with him to the 
overeating rcom. This was proven in 23 of 3 patients studied. 


The continuing study of operative mortality shows that when surgery 
is to be used as e last measure, the mortality rate will be high. Cn 
the other hand, rediceal surgery cam be effectively used im treatment of 
advanced cancer and give a low operative mortality rate if adequate pre- 
ang postoperative care is given and if the surgecus involved ora given 
the support they require. This type of surgery can carry a probibitive 
operetive mortality if the surgeon dees not have the opportunity to 
gradually eoeaea experience im this type of case. 





A study of carcinoma of the cervix is underway at eeveral large 
centers where retical surgery is being used. The value of thia study 
lies not so much in the efficacy of radical surgery but in tho fact 
that our petients have been worked up preoperetively and pathol Corea 
end followed in great dstail so that the bebaviour of carcinoma of the 
eervix end alterations in the biological beheviour associated with 
radical surgery can be studied. In addition, the ileal biedder is an 
important adjunct to the eblative procedures employed im cemesr surgery. 
Its retienale liss im the necessity of providing e replacencnt fer an 
ergen removed because of involvement by tuzor. 
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It appeers that the patient with epidermoid carcineoma of the 
uppor respiratory or alimentary tract who is ganst likely to develop 
spread of his disease below the clavicle is one in whom control of the 
primary lesion kas been a significant problem; one who develops and 
is treated for at least one local recurrence of his tumor and whose 
life span from the time of primary treatment has beem prolonged by 
repeated attempts at cure. These findinga suggest that the longer 
a focus of carcinoma remains at the primary site the roaaie will be 
the incidence of distant metastases. 


We have shown thet distant spread cen oceur without involverest 
of the cervical nodes or imternal jugular vein, and that the most 
frequent metastatic site is the lumg. Radical cancer surgery has 
becoze a tool aimed et increasing the cancer salvage rate. The use 
of tais tesl brings other factors into play other than the cure rate 
or longevity of life. We must be concerned with whether or not a useful 
and edjueted citigen is returned to eeciety following these redical 
procedures, By necessity, this evaluation should be understacd to 
concur justification regarding this type of therapy. This study ie 
aimed at this particular group im an atteapt to objectively evaluate 


their sdjustment or rehabilitation. 








in the future we plen te expand our series of cases by including 
thoss patients treated in the Clinical Center and ‘subsequently dying 
away from the hospital and coming to eutopsy. 


The sise ef the primary lesion, the pathological report om tke 
margins of the reasetion for tumor, the incidence of positive vou 
washings, and the rapidity of onget of the first recurrence are factors | 
which have aot been correlated im the present study with the frequency 
of distant metastases end will be imcorporated in further work. Also 
the series will be expanded te include all patients treated at the 
Clinical Center for carcinoma of apecific ares, so that comparizons 
between living and autopsied patients can be made. 


It is hoped that this continuing study will enable one to identify 
the biological characteristic of specific cancers which will point to 


early classificaticn of which tumors will apread to distent sites, aad 
the mammer in whieh this dissemination occurs. 
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Project Title: 


Serial No. NCI-9-752(e) 
i. Surgery Branch . 
Ze 
3, Bethesda, Md. 


PuS-Nia 
Tadividual Project Report 
Calendar Year 1959 


Part I. The Virus Treatment of Hismen Carelrons 


ef the Cervix. 


Part Ii. Pyridoxine Deficiency im Conjunction with 


Virus Treatment of Cerviz Cancer. 


Principal Investigeter: Pare £. De. Robert R. Smith, Dr. Rebert - 


J, Huebner, De. Rebert B. Couch, Br. Eobert 
A, Mamaker, Dr. Rebert Love, and Dr. Wallace 
Rowe sf 


’ Pact If. Br. Rebere B. Couch 


Otker Investigators: - Part Il, Br. Robert R. Smith, Dr. Edverd 


McLazehiija, Dr. Rebert Meneker, Dr. Helen 
Dyer, and pee Rebert Crounse 


Cooperatiag Unses: Pare I. vaborétory ef Biology, HCI; Laborazcery 


of Pathology, NCI; and Laberatory of Infectious 
Biseases, WEAID 


Hea Years (calendar year 1953): 2 Patient Days (calendar 


Totals 


| Other: 


id year 1959): 
Professional: 3 : 
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Project Deseription: 


This preject is made up of tve parts, and these will be 
presented separately. 


Oo jectives: 


Part I. 


in the introduction of viruses eseoclated with human twzors 
project, the thearetical associations that way oceur between 
viruses aad twnors are preserted, A coeserstive project between 
the laboratories listed above has bees underway for 5 years, This 
project involves tha study ef the effects of artifictally infecting 
human tumors with viruses. Previous enimel reperts have presented 
the yearly progress and the publications resulting. Studies with 
the adenoviruses with and without comcemmitent administration of 
cortisone vesuited in enceuraging therapeutic respensea. im an 
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effort to enkaece the resultant oncolysis, a serial study was 
undertsken im the clinical situation utilizing Coxsackie B3 virus. 
This study is besed on the demonstration by Suskind, ef al, that 
passage of virus tumor to tumor ia @ ret tumor system resulted in 
eshanced oncolytic effect, This report will be a summary of the - 
Cozsackie phase of this human treatment study, The current 
investigation is dizvected teward detailed study of the patients 
fm an effort to see if passage has brought about any change in 
tweor response toe virus and behavier of virus in thia artificial 


situation. 


Part IL. 


Ie the virus treatment of eancer there is an apperent 
relationship between frequency of antibody formation and frequency 
ef vecovery Gf virus from the injected tumer, It is not knows 


to what extent serum antibody, as oppesed to other mechanisms of 


host resistance to infections, influencee virus survival, However, 
ie was felt that if antibody formation eould be altered, thea 
perhape virus survival would be prolonged and degree ef tumor 
oncolysis be inereased, 


In @ search of the literature as regards possible meane of 
temporarily inbibiting host resistance te infection, attention wes 
dvawm to the defieiency states. it hes been shown that pyridoxine, 
pantethenic acid, and folic acid deficiency im rats results in 
iwhibltion of amtibedy formation. Previews studies in the surgical 
branch with pantothenic acid deficiency were unsuccessful in this 
respect, but probably a defielency state was never achieved. ia 
view ef the aveilebility of a potent antagonist te pyridoxine, 


inadwetion of this deficiency im the human seemed possible, Accordingiy, 


&@ protocol was deelgned to study the effect ef pyridoxine deficiency 
om antibody formation, virws survival, and tumor oncolyzis in the 
human host. Studies were included to clarify the natwre of hua 
pyridoxine deficiency and measure the degree of deficiency state. 
Tails study is in progress, and thie constitutes an interim reronts 


Metheds Eaployed: 


Pere I. 


Tuo methods ef treatment and study have been employed. The 
first methed consisted of a 14 day isolaties pretecol. The virus 
was injected directly intra-tumor om day 1. Virus cultures were 
made of vaginal discharge and tumor biopsies on days 6, 2, 4%, 6, &, 
10, and 14. Serum wee collected simultaneously for antibedy titers. 
Gbeervation for tumor necrosis was made at the time of culture. 
Temperature, pulse, end respiration were taken every & hours ané so 
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eatipyretics were used except for temperatures greater than 40° c. 
Daily observation was made for clinical symptomatology. The 
second methed involved a 6 day pretocol, The same methods were 

- wsed exeept for the fact that on day 6 approximately 5S grams of 
tissue was removed for virus isolation and the study period 
terminated, 


lL, Methods of virus isolation: Swabs ef vaginal discherge 
were immersed in 2 cc. of salt solution. This materlal was 
inoculated on Hela tissue cultures and ebservation made daily for 
eytopathogenic effect ef Coxsackie type. Cervicel biopsies were 
hewogenised and this material was handled im a manner similar to 
the swab cultures, The 5 grams of tissue removed ves sectiozed. 
Half the material was used for Meitiland culewre and the other half 
homogenized for isolation as ebove, The hervested Maitland fluid 

was also ineculeted om Heia celis, 





=. 2, Preparation of imjecteble material: Pools of injectable 

. material were prepared by inoculation of e 32 oz. Hela bettle 

with the original material of one ef the iselates, The harvested 

| bottle fluid was used as a pool, The other source of injectable 
material was the filtered Maitland aad homogenized fluid, - 


3. Safety tests; All material used for human injection 
received animal testing awd tissue culture identification with 
speeific antiserum prior co human use, 

4, Antibody titers; Serum antibedy titers to Coxsackie 33 
virus were determiaed by neutralisation ia tiseue culture using 
a is& dilwtioa of standard and unknown serem. 

Pert If. 

Design of protoceal: 


i. Base Line (S-? days) - Clinical observations and routine 
studies, Diet = rpermal. 


2, Coeatroi Period (12 daye) - Bleod studies, urine studies, 
weight records, intake and output records. Diet = Bg 
éefieciency supplemented with 5 mg. of Bg daily. 


3. Deficiency Period (variable) - Diet = Bg deficiency + 
desouypyridexine. 


& Deficiency Peried (with virus) - Diet = Bg deficiency + 
desoxypyridoxine. 
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5. Recovery Period I (variable) - Diet = Bg deficiency + 
. desczypyridexine + pyridoxine. 


6.-. Recovery Period II (variable) - Diet = Bg deficiency «- 
pyridoxine. 


7, Gomtrol - Normal Gilet. 


Diets 35 calories per kilogram weight. 





Vitamins - Compound #102 
Yitemin D- 806 
Vitamin A = S069 1.%. 


Minerals » NaCl, 5 grams. 
Proteiz - 125 grams of vitamin free casein 


Carbohydrate - Dextrose q.8. to make 2/3 of remaining 
ealeries 


Fat - Core oi] q.s. to make 1/3 ef reeaining calories. 


The diet is mined in a Wering blandor with distilled water 
and distributed inte 6 equal feedings which are taken ever = - 
12 hour peried. Distilled water fs provided ad lib. Feod flavering 
is added to the diet. No other inteke and ao lotions or creams 
thet might be vitemin centaiming ere used, 


Clinical observatiers; Daily climieal cheeks sre aede to 
escertain Sny pertinent symptems or physical findings that aay 
be pertinent te the study. The pstients were weighed daily end 
securate intake and eutput recerds were kept. 


Routine laboratory studies: 4& routine urinalysis, BUN, 
FBS, creatinine, uric acid, cholesterol, TSP A/G, Ca, P, Me, K, Cl, 
C02, alkaline phosshetase, BSP and Trauseminase, Hgb, Het, WEC with 
@igferentlal, BRC, end indices were aaa at least once veekly 
by standard laborazery metheds. 


Special studies relating te Bs deficiency: Whole blead 
tragsaminase studies were done twice ‘weekly im one patient. Bone 
marrow aspiration was performed before end during deficiency im one 
patient. Zanthreale ecid excretion im the wrime was quantitated 
after a load test ef Tryptophane several times im each patient. This 
compound eccumulstes im Bg deficiency, Other studies perfermed oa 
some of the patients iacluded creatinine clearance, PSP excretion, 
and Fishberg urine comcentration tests, Elettroencephalegrazs azd 
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electrecardiogrems were dome wren indicated. 


Studies relating to tumor, virus, and host response to 

_$nfection: Typhoid-psaratyphoid vaccine, blood group substance, 
and Coxsackie B3 virus were used aa antigens and were given to 
the patient at a time determined by climical and laboratory state. 
Serum was drawn 12-14 days later for antibody titer. Antibody 
against typhoid aad paratyphold was measured by slide agglutination, 
blood group substance by hemolysis ef red cells, and virus antibody 
by neutralization im tiseue culture. Virus cultures were done 
asecording to the previously described protocol for virus treatment 
of camcer, The cellular response of the hest to an inflammstory 
stimulus is studied by the Rebuck technique which consisted of 
seraping skin dowa to the corium, applying a drep of Biptheria 
toxia, and cevering the area with a slide. Differentials of 
cellular exudate are studied at 3, 6, 12, and 24 hours fellewing 

Be. imoculation. This precedure is performed before, during, and 

4 : after the deficiency peried, Tumor oseolysis is graded according 

te the previously described seale. 





Patient Materials 
aa Part I. 


All patients used in this study were referred to the surgical 
braach with carelnome of the cervix. Im most fimstamces this 
treatment was administered and followed by definitive surgical or 
radiation therapy. 


Major Piadings: 
Part X. 


2h, Wirws recovery (Table 2}: For the first four days 
foliowing injection the attezmt to recover virus was successful 
im almost all cases. Between days 4 and 8 the frequency of 
: recovery dropped precipitously. Virus was recovered in oaly three 
patients after day 8 and im emly one after day iL. Titers of 
wirus im the vagins? discharge and biopaies revealed that aseaeciated 
with 3 deciime in frequency of virus recovery there was a decline 
im quantity of virus recovered, However, vhea all specimens from 
@ patient are tetaled, the quantity of virus recovered was greater 
than thet administered, Recovery of virus from six inure patients 
was accomplisheé for 5 days fcllowing injection in one patiert and 
for two days ta ancther, Im four others no virus was recovered. 


Swab ewltures of throat end aang were intermittently posicive 
Mo chreset culture was poesitve after day 6 and no anus culture after 
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day eight. Bleod cultures taken reutinely at twe day intervals 

on two pstients yielded only ome positive, this on day two. At 

this time the patiest was efebrile and asymptematic and she remained 
go, ALL bleed cultures taken at the time of fever or symptoms 

were negative, Tissues removed at postmortem examination in 

three patients were all negative for virus; however, this was many 

days after virus injection. 


TABLE I 
Virus Recovery Efrem Cervix Cancer of 9 Newimeune Patients 






Daye Post Injection 





Ee GHRCE RIS 9 LO 13 12 13 14 15 16) 
|_to. specinens. |5 |e |s {9 |e 7 | |e |e [6 ja |7 js [6 [5 [3 | 


| wo. Posteive |5|7 [4 |e |e {o |e fo [2 [2 |e [2 fo [a fo |o | 


| Gc Ee ee See ie 





| 2, Amttbody formation (Table II); All patients demonstrated 

aise in antibedy titer following virus imjection. The risa in 
titer began as early as four daye follewing injection and by day 

8 ail patients had = titer greater than 4. The very early rise 

seen im some patients suggests the anamnestic response, which would 
indicate previous immunity hed been presemt at scme time, Patients 
with 3 preinjection autibedy titer ef greater than 4 demonstrated 

e rapid rise ia citer. Absolute titers 10 te 14 days post injection 
varied between 256 end 2048. 


3. Clinical results: Findings suggestive ef systexie or 
iscalized virus infection were censpleuous by their absence, Mild 
fever occurred in 12 of 25 patients receiving Coxsackie By alone. 
Thie eceurzed from 12 to 72 hours after injection, Fever greater 
than 33° €. cteurred im two patierts. Leukepenia and lymphocytesis 
eccurred in 5 ef 17 patients fellowed clesely. When both edenovizcus 
amd Comsackle were given in combinatica to five patients, withie 
twelve hours temperature would vise to 39-40" C. and underge slew 
decline, Associated with this febrile rveastien would be ecampiaints - 
of loss of appetite, weakness, kReadache, and generalized aching of 
auseles and jeints, but absence of amy physical findings. Ali blesd 
esleures from these patients were megetive fer virus. The explanetion 
and significance ef this observation te wnkaewn. . 
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TABLE IT 


Antibsdy Response in Patients Following Coxsackie Be intractumor 





% Patients with — 
Antibedy >4 












| TABLE LII 
| femor Omcolysis Resulting from Coxsackie Bz Injection 
of Patierte with Carcinoma of the Cervix 
Category No. Pts. | Gacolysis 
}o jit jar jt lar | 
| a i WES r Sa a 
Eonismune, Coxsackie alone 2g fib [YO 75 72 4t | 
Kongssune, 
_Goxeackie + Adenovires 
Subtetal 
Coxsackie - 6 
Totals 30. [1S [c2) 0, | 2) ed 
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&, Oscolysis: 
immune vs. sonimmume: (Table III} 


_ Tumor onecolyeis is graded on @ seale of 0 to 4+. Of 19 
nesismine patients receiving Coxsackie Bz, 11 showed no oncelysis, 
5 a 2+ crespomse, 2 &@ 3+ response, azd 1 a 4+ respomse, Use of the 
combination in nonimmune patients resulted im a response im ali four 
with three of these being 2+. Gf seven immune patients, two showed 
a@ 2+ respense, ane a L+ vespense, and the other four ne responce, 
A significant respense im immune patients was twice as frequent as 
that of nowiemune patients. 





; 
. 


Gervicai biopsies of the injected tumor have thus far 
failed to demometrate specific histolegicai changes that were 
shown in the enimal syetem te be caused by virus. 


&ftect of Passage: (Table IV) 


Te0o technieues of passage were used, The first consisted of 
using Hela cells for isolation and beogtiag virus titer between 
dajections, The second system was woing extracted and Maitland 
culture material from tumor removed 5 to 6 days post infection 
| without intermediate tissue culture. Thue far this technique has 
| resulted im imewffietent quantities of recovered virus for msintaining 
; psessege, All passage has been accomplished by the first described 
| method, Materisl through nime passages hes been studied. The 
eceurrence of 3+ and 4+ responses im late paseage suggests that 
change way be taking place. if the four cases of third and fourth 
pasgage are remeved, sli four havieg alse received adenovirus, the 
suggestion is enferced. The response frequency of the original 
virus and two paesagee is one im five er 204, while that of the 
last five passages ie 7 im 14 or SOK. If the two patients receiving 
pytidoxiae deficieat diet are removed, the response frequency is 
“2% la the Last 5 passages. 


, 5, Correlations with degree ef encolysis: The clinica) 
ebage of the tumor and the presemce or absence of previcus 
ivrediatien bere ne relationship to degree ef omeolysis. Likewise, 
the quantity ef liguid and quantity ef virus injeeted had neo 
relationship to result obtained. The pregence of signs and 
symptoms of systemic virus effect, mazely fever, pain, and leucecyte 
_ ebanges, was not sssociated with more or less oncolysis than those 
patients without any systemic effect. There was e@ greater frequency 
of response, 50h as opposed to 36%, in patients over 50 years of 
age. Alse the 3+ amd 4+ vrespenses were im patients ever 50. Increased 
frequeaey and quantity of virus recevered was usually, but not 
invariably, associated with increased oncolysis. The most important 
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TABLE IV 


Bffect of Passage of Virus om Oacolysis Preduced in Noadimmune Patients 










Response 


No. Frequency 













ozs | 


Hh recals | 23 





a Be def, in conjunction with virus 


corselstion seems to be the absence of pre-existing antibedy. When 
satibedy wae present, there was usually little er ne response, 


Part £f. 

This study ig imcemplete at present. There has been aufficiest 
variability from petiemt to patient thet summary conclusions are 
diffiewlt. Consequently, the results will consist of case reports 
with certain gemeralizations and cemclusiens that seem valid at 
the present time. 
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Case #1 (A.R.}: This was am 80 year old colored female 
with extensive carcinoma in the pelvis. Pyridexine deficient 
diet was instituted in conjunction with 200 mg. of desoxypyridoxine 
daily, Within one week nausea and vomiting appeared, and more 
cenfusion was neted (the patient was confused prior to the study). 
During the second week there was an increase in these symptoms end 
by the third week the patient became semicomatose. At this time the 
Bleed urea aitrogen wes moted to be 83 mg.4 end the serum creatinine 
1.9 mg.%; both studies were previously nermal. Renal function 
studies were performed which revealed a markedly decreased creatinine 


_ elearance and phenolsufonphthalein excretion. During the last four 


days en the diet the patient lost 34 kilegrams or 2 lbs. per day 
while receiving a more than adequate quantity of calories and 

protein, After 19 days the deficiency diet was stopped and pyridoxine 
given, Withia 24 hours the patient became responsive and nausea 

end vomiting ceased, By 48 hours the patient was sitting in a 

ehaixr. By 6 days she wes alert, active, ambulent, and had a good 
eppetite. By 15 days the bleed urea nitrogen and creatinine were 
Bormal, Repeat renal function tests showed increase in PSP output 

end ereatinine clearance, though still less tham prediet. Between 

i5 and 20 days post deficiency, a superfielal generalized desquematioan 
of the skim. occurred. 


Case 2 (3.5.): This was a 88 year old colored female with 


‘gtage IV wdifferertiated carcinoma of the cervix. Pulmonsry 


metastases were present. Pyridoxine deficient diet im conjusctien 
with 200 mg. of desoxypyridoxine daily wes started. Some mild 
lethargy was present on day 5. On day 13 the patient was moted to 
be emetionaily lebile amd marked mausea was present. On day 20 
gcaling and fissuring ef the angles of the mouth and Lips occurred. 
On day 24 the patient was noted to be markedly comfused. For the 
following 18 days she was noted to have periods of somnolence, 
periods of marked agitation and disorientation, and periods of 
quiet orientation, Nausea and vomiting was frequeat. Skim changes 
progressed to imcreesed pigmentation generally, and a dry, hare, 
ieather-like skin developed. There wes papillary atrophy of the 
tengue end marked vhimorrhez, Om day 29 she was given antigeric 
challerse. Cm day four post virus, a superficial necrosis of 
tumor was meted, On dey § ulcerated areas of tumor necrosis were 
present and the tumor was soted to be like jelly. By dey 10 = 
garked tumor mecrosis was present end on day 13, at the time the 
deficiency was stepped, tumor necrosis wes greater than 4+, Virus 
was recovered in greater than usual quantity through day 1i. 
Antibody to virus during this time rese from < 4 te 128, for bleed 
group cubstance from 64 to 256, and fer typhoid from 1:20 te 1:69. 
There was ne rise in titer to paratyphoid A. The patient tested 
by Rebuck technique just prior to stopping deficiency had essentially 
no late or momomuclesr cell respomse to the inflammatery stimulus. 
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Circulating white bicsd cells had risen from 13,00 2 to 22,000 mz, 
During the last 16 days of the deficiency the patient lest 10: 
kilogrems in weight or 2 lbs. per day im the presence of adequate 

_preteia end calorie iateke. Assceiated with this was a rise fa 
blood urea nitrogen from a normal level te 147 mg.Z4. The serua 
ereatinine rose froa 0.9 mg.Z to 2.7 mg.4, sud the FES from 110 mg.% 
te 220 mg.%. There was goed urinary output at the time. Creatinine 
clearance and PSP excretion tests revesled marked iepairment of 
venal function. Eanthresic acid excretion after 5 grams of tryptephane 
yose frem a control value of 19 mg.% per 24 houra to 1973 mg.% per 
2% hours en day 26. Oa day 42 deficiescy diet wae stepped and 
pyridoxine instituted, Within 24 hours nausea and vomiting had 
ceased ané the patient was eriented. Within 48 heures there was 
apparent fissure healing and scaling of thick layers of skin generaliy. 
From 48 to 72 houre the patient complained of “burning of the 
fingertips." She resained oriented and skin continued te scale, 
t¢ was 6 weeks post deficiency before all evidence of scaling had 
ceased, He weight ioss occurred after the eddition of Bg, and by 20 
days poat deficiency BUN, creatinine, and FBS were normal. Repeat 
renal fuaction teste were improved, but had not returned to previous 
levels. All evidenée ef pyridoxine deficiency disappeared, However, 
for 4 weeks following cessation of the deficiency, tumor necresia 
and slough contimued, The patteat never fully regained strength 
azd a terminal 2-3 day cema followed by death occurred. Postmorten 
wes obtained which revealed the cause of death toe he necrotizing 
vernal papililitie. No bietelogiecal evidence of pyridoxine deficiancy 
was found. A 3-6 wa. rim. of viable tumor remained im the uterus. 
The pulmonary metastases had necrotic centers end numerous viable 
pulmonary metastegas were also found. The celi type at postmortem 
most resembled sarcens. 


3 





Case #3 (B.3.): This wes a 57 year old cclored female with 
stage IV carclmezma of the cervix with vesicovaginal fistula and 
bilateral hydro-ureter and hydronephrosis, Diet wee started in 
association with 200 mg. of desexypyridesine daily, No change in 
the patient's status was noted fer 16 days except more frequent 
temperature spikes which had been present pre diet. Bays 14 te 
29 were characterized by slow progressicn to 2 semicematese state, 
pereigtence of high fever and CVA tendermesa im the presence cof 
entibioties. A bleed culture on day 20 wae positive fer preteiza 
and the patient unrespongive te additional antibiotic tharapy. 
Blood vrea mitrogesa was 25, and sonewuclear response at 24 hours 
wes 402, The petient died of septicemia without evidence of 
pyridouine deficiency. 


Case * (B.B.}: This was ea 57 year old colored female with 


stege IV inoperable carcinoma of the cervix. Diet wae instituted 
in conjunct{ien with 56 mg. of desoxypyridoxine daily. Gn day 1 the 
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patieat was noted te be drowsy and soemmolent and requiring lees 
pain medication. Am occasional temperature spike occured, On 

day 12 emotional lebility was neted with mecd changes rapidiy 

from eupheria to depression and easy crying. On day 13 che BUN 

was noted to be 43 with a creatinine of 1.3. Proteim in the diet 

was decreased to 59 grams per day. The BUN returaed to normal 

end remained there; however, the serum creatinime rese to 1.8, On 

Gay 20 vomiting appeared for the firec time and on day 21 for a 


period of 6 hours the patient’s bleed pressure wee 220/120 associated 


with headache end diazinese, Emotional lability continued, but 
for the majority of the time the patient was oriented, At 14 days 
the uanthrenic acid excretion was 484 mg. per 24 hours. On days 
Zi and 22 antigen challenges were given. Virue recovery was 


successiul through day 10, and 3+ tumor oncelysis occurred. Antibedy 


_to Coxsackie Bg virus rose from < 4 to 64. Bleed group substance 
vose Erom 64 to 128. Vemiting was present for the last 5 days and 
éuring the last 2 days some dry scaling of the cheeks wes noted. 
There was no weight less. Other pertinent laberatory studies were 
& Gecrease im PSP excretion, creatinine clearance, and serum end 
whaele bloed transaminase. From days 3% to 41, 300 ag. ef pyridoxine 


be day was given in addition to Bg deficient diet and desexypyridoxine. 
ithin 24 hours she was oriented, stable, and all nausea and vomiting 


i eeaped. Skin changes vere gone in 3-4 dsye. Desoxypyridoxine 
was diseentinued for days 41-48 with zo other chenge in diet. 
There was se change im the patient. After being given normal diet 
mo chenge was aeted. All abnormsi laboratory studies reverted te 
normal with only the addition of pyridoxine. : 


Summary: 


1. Resistance to infection: Of the three modalities of 
resistance to imfection studied, namely entibedy formation, cellular 
migratien te an inflammatory stimulus, end peripheral leucocyte 
counts and differentials, only one has shown s suggestion of being 

zi influenced by By deficiency. This modality is cellular migration 
to an inftlemmatery etimuluse,. The 24 hour mononucleer response, 
particularly with high doses of desexypyridoxize, is markedly 
impaired, There is @ suggesticn that antibody formation is delayed 
ead absolute titers iow. More cases may statistically prove sare 
te be so. Virus seems to survive lenger in the tumor than weuel 2 
degree of oucolysis im two cases wae greater than that in 28 cases 
without asseciated B, deficiency. 


2. Previously reported findiags in human pyridoxine deat € 
Tae mental eymptoms are different in that mood swings with peri aa 
of stability and orientation are wore frequent than chose previously 
reported, Tne skim changes in J.J. were far more severe then any 
reported. Orly two patients exhibited a marked lymphopenia. Other 
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‘blood changes could not be studied im these patieats ag ail were 


' bleeding during study. The markedly elevated uanthrenic acid 


x 


excretion in patient J.J. was mich more than that reported by other 
authers. It is feit by this observer that the changes seen were 
consistent with those previously reperted, but in certain instences 
were more severe than any reported. 


3. Umrepsrted findings: The markedly impaired renal 
function end the profound catabolic responses are heretofore 
unreported, The explenation and significance of these findings 
is unkmewm at present. The elevated fasting blood sugere are 
aiso wereperted, but may be explained by the known toxicity of 
senthrenie acid for the B celle ef the islets of Langerhans. 


: Significance to Cancer Research: 


Part I, 


Exploration ef new avenues of treatment of cancer in the . 
human is a meceszity. New information is being gaimed on the 
mature of virus infection in the humen. 


Pert TI. 


. This study demonstrates a means by which @ treatment of 
human cameer can be enhanced. Studies on sechaniems of host 
immunity may sid {2 the understanding of human iemuaity to cancer, 
fke expansion of knowledge ea human physiology end biechertstry 
will eid im the waderstanding of many neoplastic emd ether diseases 
whieh affect man. 





Part I. 


im ordar to further the encouraging effects obtained thug 

far in this study, && seems imperative that we know if the virus 
eaters the cell and ceil death results, There are techniques 
available that cam provide this answer, I£€ this is true, end sli 
imdivect evidence suggests that it is, them ome mewst know what the 
ifmication is om degree of encolysis. If tt is a matter of virus 
contact with all cells, then all possible routes of infection must 
be used sisultencowsly. if it is host resistance to infection, then 
this must be altered sufficiently te preduce the desired oncolysis 


without detriment to the hest. These are the planned approaches, 


and it is fele that this cam be done in the virus pasgage aituation. 
Ultimately, the specifle biochemical epset of the cell as 2 result 
of virus infection will be sought. 
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1. Surgery Branch 


° 


* 3, Bethesda, Md. 


PHS-HIH 
Individual Project Report 
Calendar Year 1959 


Part A. 


Project Titles I. Determination of the Frequency and Significance 
of the Finding of Tumor Cells in Washings 
Obtained frem Cperative Wounds Following 
Definitive Surgery for Cancer, 


Ii, Deteralaation of the Frequency and Sigaificance 
ef the Finding of Tumor Celis im Blead 
Obtained frem Peripherel Vein cr Veins Draining 
@ Cancer in Patients Undergoing Primary Cencer 
Therapy. 


TIL, Adjunctive Chemotherapy ef Cancer Operative 
eS) ; Wounds. 


Principal Investigators: Dr, Rebert R. Smith and Dr. John F. Potter 


Other Ievestigezers: Dr. Richard A, Melagren, Dr. George H. 
Longenbaugh, Dr. John 5. Dillen, and 
Dr. Marvin M. Romsdahl 


Cooperating Units: Cytodiagnostic Service, Pathologie Arateny 
Branch, RCI, end the USPHS Hospital, Tumer 
Service, Baltimore, Maryland 


Man Fears (calendar year 1959): Patient Days (calendar 
Totals GE year 1959): 
Professicnal: 2 
Other: 


Project Deseription: 


Csiectivess 


To determine the frequency and eignificance of finding cuxor 
eegliis im wound washings at the time of definitive cancer surgery 
and the development of methods of prevention of wound fepiants. 


Zo mote the frequency of detection of cancer cells in the 
peripheral verous system and in the Iscal vemous system draining _ 
the tumor in specific types of camcer. To note the effect cf 

gtage of disease cn the incidence of the recevery of twaer cells. 
fo observe the correlation between epecific pathologic aneiysis 
of the surgically removed specimen and the recovery of cumor cells 
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in the peripheral end lecal vencus bleed. To nete the effect 
on prognesis of the presence of tumor cells im peripheral and 

leeal veneus blecd. To correlate the detection of tumor cells 
in the peripheral venous blood of patients with malignant 
melenoma with the development of metastatic skin tumers om & 
quantitative basis. To nete the effect of hormonal ablative 
surgery om the incidence of circulating cancer cells in patients 
with cancer of the breast. : 


Betheds Employed: 


Pare F. Patients with primery operable cancers of the 
head and neck, pelvis, or other apprepriete sites, with regional 
lymph eede metastases, or suspected metastases, have been admitted 

for primary surgical therapy. For the most part, these cases 
have exhibited eetagtases, The surgery performed is the standard 
operative procedure accepted as treatment of choice for the 
seeciife cancer site, . 


Followiag rewoval of the tumor end its metastases, the 
_eperative area is thoroughly washed with a fine saline spray. 
The aspirate igs then prepareé for cytelogic study. 


Part 3%. (De. Petter - Tumor Celis im Blood) An 
extensive study has been embarked upen to elicit basic biologic 
iagermzacion om the dissemination of cancer through the blood 
stream, It is expected that this informetion way be obtained 
by the detection of cancer cells im the bleed stream of patients, 


The isolation of cancer celis elrewlating im the bleed is 
performed by a technique previously reperted. Briefly, detection 
of these cells ia accomplished by imeubsating bieod cells after 
the removel of plasma with Streptolysin 0. This accom lishes 
hemolysis of ehe red cella amd polymorphenuciesr leukecytes. The 
resultant suspension of cumer cells end lymphocytes is filtered 
through a Millipere filter and is stafaed with the Papanicoleo: 
technique. Cytologic sereening is then perfermed. 


€linical studies are underuay om patients st the Natiensi 
Cancer Taseitute, Bethesda, and om patients frem the Tumor Service 
ef che USPHS Hospital, Baltimore. Gs edmissicn te either of 
these institetions, blecd specimens are drawn. If this patient 
eomes to operation, suitiple blesd specimens sre obtained in the 
operating room. Specimene are ebtained from the peripheral venous 
cirevlation, frem the local vein draining the tueer, and from 4 
systemic artery, both before sed after operetive manipulation of 
the tuzer, Is addition, wound washings are taken of these patients 
for cytologic examination, After surgery or other courses of 
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peatucat: pericdic examination of the blood for tumor cells is 
made, Avenues of research that are currently under investigaticn 
include: 


1, Cerrelation of the presence of cancer ceils in the 
bleed with specific types of tumor. This ie being accomplished 
by drawing blocd specimens on any patient with cancer and 
comparing the percentage of positive findings in different tumors. 


2. Correlation ef tumor cell ceunts in the blood with the 
develesment cf countable metastases. Thies study is being dnaeveaken 
to determine the nature of the response imvolved in the 
development of metastazes. 


3. Serrelation of the blood findings obtained during | 
eperetion end the wound waghimge with the development of locel 
recurreace or distant metasteses. Talis is a long-term project 
which will require several years fer suitable anetye ts: 

&, Te aste amy effect lm prognosis afforded by the 
getection of clreuleting cancer cells. 


Part IlZ, After removal of the cancer and before clesaure 
of the operative wound, salime washings are taken. Thie is 
followed by a wound wash of +200 ec. of @.5% formaldehyde. The 
wound is them closed in a reutine msmmer. Im addition, during tke 
past year suture material treated with picric acid has been used 
im selected cases in addition to the formaldehyde wound wash ia 
order to prevent lecal recurrent cancer. 


Patient Material: ' 


Patient materiel for this praject was supplied by 
‘patients with priaery cperable but advanced camcers of varicus 
sites, Experience with the study wae also obtained by necessary 
surgery om patients admitted fer ether projects. To date, 
approximately 300 operative procedures, with wound washings, have 
been performed. 


Patient material for blood studies has been derived from 
those patiernte hespitalized or followed as eutpatients at che 
Rational Cancer Institute and the Public Health Service Hospital 
42 Baltimore, Haryland. Ima the year since the previous annual 
report 794 specimens have been processed, screened, and definitely 
diagnosed from the Bethesda activity. A total of 869 specimens 
have been processed at Baltimore in this peried. These slides are 
eurrently being sereemed and it is expected that sereeniag will 
be up to date im four months. 
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Maier Findings: 


Part I. (Wound Washings) During the past year wound 

washings from head end neck cancer cases have been reviewed. 

107 operative procedures were dome: 68 for epidermoid carcinoma 
and 19 for non-epidermeid cancer. In the 88 epidermoid cancer 
wounds, positive washings were observed im 26% (the same value 
previcusiy reported for larger group ef operations). It was 
noted thet positive washings were most frequently encountered 
when a radical resection of primary tumor only was performed, — 
Vhen a radical neck dissection alone was done without combining 
it with resection of the primary tumor, only one suspicious 
washing was reported and ne pesitive smears were seen, Positive 
washings were move frequently seen when surgical margins were 
not clear of tuzor. For exemple, im the negative washing greup 
of cases, 94% had surgical margins clear of tumor, the suspicious 
group 1802, waile the pesitive group had only 61% of the cases 
with clear surgical margins. Local recurremee could not be © 
correlated with wound washing findings. During the peried of 
study, 33% of the negative greup end 36% of the positive graup 
‘developed local recurrent cancer, 


Pert Ti. The data ebtained fram the above outlined 
investigstions is currently being tabulated and reviewed. Ia 
& growp of 2385 patients, 75 or 28% had asligesat cells in ex 
antecubital vein, If this same group of patients is categorized 
into “sesectable” and “noa-resectable” cases in an effort to 
correlate the detection of walignaut celis with progression of 
disease, it is noted that the recovery rate was 16% (19 of i17 
patients) im the resectable group and was 36% (60 of 168 patients) 
in the nem-resecteble group. 


Bleed specimens cdtained frea a vein draining the tumor 
site heve been analyzed in 91 patients. Thirty-nine (4%) of 
these patients have been pesitive. Of the 75 resectable patients, 
3) (402) had pesitive celis at the time of operation im the 
local venous bleed, There were 16 patients whe were classified 
as woneresectable, Gf these, 9 (562) had positive local blecd. 


LE the results are auslyzed by specimen instead of by 
patient, the percentages of positivity decrease due to the 
decreased sige of the sample im the single specimen. Thus, is 
the peripheral bleed, the percentage of positive specimens in 
the resectable group is 9%, aud is 15% im the non-resectable grou. 


Im the lecel bleod category, 30% of the specimens are 


positive im the resectable patients and 48% are positive in the 
mom-reseceable group. 
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The recovery of twaor celle from speeific tumors has bees 
-amalysed, The results kere are open to the criticism thee the 
propertion ef reasctable to non-resectable patients in esch 
tumor grow ie net coastanc,. Rurther sampling will eliminate 
this disadvantage, At present, in the peripheral blood 47% 
ef che melanoma patiemta are pesitive, Cancer of the breast 
was 39% and choriccarcisema was 342. Sarcoma patients were 29% 
positive and cancers of the genitourinary trace and the cervix 
esch sheved a 254 imeidence, 


Im the iecal blesd, 66% of sarcoma patients and 64% of 
eervik cancer patients were positive. Epidermoid cancer of the 
head and neck wae positive im 35% of patierts and gastrointestinal 
mneoglasmes were positive im 262% of petiencs. 


The pesitive blood specimens have bees analyzed om 4 
quantitative besis. Pesitive peripheral bleod specimens totaled 
1284 ce. In this velume there were 1161 single cells (0.9 celifec.) 
snd 67 groups of celle (.05 graup/cc,). A group is erbitrarily 
defined as a cluster ef more than five single cells. 


Positive local biced specimens tetaled 377 ec. Ta this 
volume were 2362 single cells and 193 groups of celis. The 
frequency was thus 3.5 celie/ce. and 0.5 group/cc. 


Im addition te these statistical findings, qualitative 
epservations have been possible. ‘These include the observation 
that appareatly early clinical ecaucer can produce neoplastic 
eell exboli. Is feliowing a pesteperative patient after a 
eefinitive surgical precedure the recovery of malignant celis 
is low, but vhen present, has @ poor prognestic significance. 


Studies of bicod from patients with melignent melencus 
shows 


1, Cf&rculating tumor cells have been recovered from 
peripheral vezous blood im approximately 75% of the ceses end 
im 18% of all epecimens obtained from the group with advanced 
disease end receiving chemotherepy, 


2, Sim patients heave been studied who had surgically 
resectable disease. Pesitive samples were obteined frou ce 
patients preoperatively, from two patients during surgery from 
vegional bleod draining the tumor area, and from three patients 
pesteperatively, The tuo patients with positive bleed semples 
from regional veins both have develeped recurrent disease and 
expired. These two petients, aise, are included im the three 
patiente with positive pesteperative epecimens. 
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Sixteen choriccarcinoma patients have hed circulating 
tumor cel2 bloed etudied by De. Dillon. Initial bleed studies 
ehowed tumor cells im five imstamces, Of a total of 118 bleed 
specimens in the 16 patients, 11.9% were positive and 13.6% 
were suspicious, Bight of the 16 patiemts had at least one 
pesitive specimen some time during the period of study (562). 
Four additional patients hed only @ suapicious specimen 

_ wepert and the remaining four never hed a positive er suspicious 
bleed. A positive epecimes was mever found when the urinary 
gonscezrephia tLter wes normal amd the chest x-ray revealed no 
metastases, Attempts to relate positive bleed specimens to 
prognesis, trearmest, end the presemce of chest metesteses 
Zailed. Pesitive pesipkeral bloed specimens are believed 
indicative ef residual or metestatic disease, but the resules 
im general do ast cerreapend closely to elimical status. 


tt is iaterestiag to speculate regarding the relatively 
email pumber ef positive specimens in chordecarcinema, This 
disease, like melenoma, is known to spread by hematogenous 
means, ami one would expect a higher imeidence of pesitive 
bleed findings thee im a disease iike epiderzoid cervix cancer, 


Twenty-nige patients with carcinoma of the breast have 
been studied. A tetal of 149 blood specimens have been drawn 
and processed. 27 of the i4$ specimens have bean positive (18.92), 
3¢ have been suspicious (22.8%), and the remginder (58.32) of 
the specimens Rave been negative. Only 4 of these patients 
had circevulating tumor cells im the initial specimen. 13 of the 
23 had positive specimens af seme time during the study, 9 more 
patieats had suspicious specimens Sut uo positive specimens, and 
7 of the 29 were never found to have either positive or suspicious 
specinens. 


& small sumber of patients with prestatie carcinoma has 
been follewed. 6 patients ta this study ked a total of 18 
snecimens draum.. 3 of these patients have kad oaly cone specimen, 
end a fourth has had only two. The data with respect te the 
patients then is probably not significant. The 18 spacimens, 
however, yielded 4 positive specimens (22.2%) and 7 suspicious 
esecimens (38,94). 


Part EEE. (Adjumecive Chanotherapy of Operative Wounds) 
Doring the year a stazvistical analysis ef fellewsp data on a 
greup of cervix cancer and Read and neck cancer patients was 
completed, These patients had received 0.5% formaldehyde wound 
wash after completion ef standard operative precedures, Lecsi° _ 
reeurrence experience ie given in the following cable: i 
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_ Lige table analysis ef eurvival and lecal recurrence 
experience in the cervix and head and seck cancer groups revealed 
mo significant difference when compared to similar untreated 
groups of patients. Thies disappointing ineffectiveness of lecsai 
formaldehyda treatment can possibly be explained on the basis of 
lack of comtact of the drug with the cancer cell implante. 
fransplantation of clumps of cells by suture thread has been 
demonstrated, Possibly we have been transplanting the implants 
with suture material. At the present time e eerfies of patients 
ere under etudy im which the formaldehyde spray has been: 
supplemented by use of picrie acid treated sutures. However, as 
_ additional experience is cbtained, the hope of am effective 
local chemetherepeutic meagure becomes Less tenable. Bo operative 
wounds become reseeded from cells 4m circulation? A better 
understanding of the many facters essociated with metastases 
and implamtability ef leose tumor cells will help anewer this 
proglen. 


Significarce toe Cancer Resesrch: 


This study is designed to elicit informetion on cancer 
biology and aid im the evaluation of adjunctive chemotherapy. 


Ze is believed that long term clinicopathologic studies 
of thie type will add significant data to the study of aetastases. 


IZ 
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At the present time, only prelimisary and possibly the least 

informative data has been collected. Purther analysis of the 
cages already sereezed and cytologically diagnosed sheuld be 

informative. 


This project ie significant to cancer research inasmuch 
as ie provides physiological information relative te the pheaesens 
o£ metasteses, Ef the correlations outlined can be established, 
the examination of the peripheral and/or Llecal regional bleod 
may be used to provide imformetion relative te prognesis and perhaps 
to other physiclogical fscters imvolved in host resistance. 


Proposed Course of Projects 


Buving the coming year we hope to continue wound washing 
cytology studies and studies om lecal and peripheral bleod of 
patients obtained et the time of surgery. A more detailed 
study of the material that has been obtained will be made, The 
effect of circulating tuweor celle im specific cypes and stages 
ef eamcer needs to be analyzed in erder te determine their 
infiuence on prognosis ef the individual cancers. 


& more extensive study of eariy malignant melancua 
patients, correlatiag tumor cell ecunts with the development 
of metastatic mnedsles, should be quite revealing. At present, 
eur efforts im this regard heave bees hampered by the Lack of 
suitable clinical material. Hewever, a satisfectory clinical 
eedel has baen developed, aud With aecess to earlier cliaiecal 
stages of melanozs, valuable isfermatien on tumer celk dese 
response curve sheuld be obtainable. 


Followsp studies of patients who have had definitive surgery 
will be undertaken as part of the program toe evaluate the prognestic 
elgnificamece of cancer cella in the local and peripheral venous 
Syste. 


In addition, there are certain areas for detailed study 
which might prove fenitiul. Very clese ebservetion of a single 
patient, with multiple sampling through 2 24 kour period end 
fer a period of eeveral days, might clarify a possible veviation 
is the dissemination of cancer ceils, This study wexld prebably 
be fecilitated by the use of intravescular polyethylene catheters. 


Further stedies should also be undertaken to note the 
iafluence of capiilary network es networks on the tumor ceil 
count. This would be achieved by study efmultaneously of epaeciments 
fros the vein draimieg the tumor (for example, melanema of an 
extremity), arterial blood (te ebteim @ specimen which hed crossed 
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one capillary network~-the lung), and from the peripheral venous 
system (to obtain a specimen which had treversed two capillary 
networks). : p 


Part & included: yes /XL / Bo / 
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Pest B: Honors, Avards, and Publicaticns 
Publications other then abstracts fros this project: 


Seith, Robert R. and Gehen, Edmund 4.3; The Effect of 
Formaléshyds Bound Wash on the Development of Local 
Wound Recurrences. J.N.C.1. 23:6, 1339-1345, 1959. 


Potter, John F. and Malmgren, Richard &.: A New Technique 
_ fer the Detection of Tumor Celis im the Blood Strean 


end Its Application to the Study of the Dissemination 
of Cancer, Surgical Forum. Vol. IX, 580-583, 1959. 


Homors and Avards relating te this preject:. Hone 


1206 





Serial No. NGI-8-754 
1, Surgery Branch 


° 


= 3. Bethesda, Md. 
PHS-NIH 
iadividual Project Report 
Calender Year 1959 
Part A. 

Project Title: Evaluation of the Nature, Cause and Mearns of 
Preventing Seeding ef Operative Wounds Using 
Transplentable Animal Tumers. 

Prineipal Envestigstor: Dr. Alfred &. Ketcham 


Gcher Investigaters: Dr. Seymour C. Nash and Dr. Chester 2. Heverback 


Cosperating Upits: Nome 


Man Years (ealeader year 1959}; Patient Days (calendar 

' Total: 2 yeer 1959): 
Professional: 1 
Gther; ik 


Project Beacriptieon: 


Gb jectives: 


Te study iccal seeding of operative wounds and to deveics 
metkeds of ite prevention, using laboratory animale as a model. 
To show that tumor cells can be trassplanted in e wound by means - 
of suture material, and development of a suitable chemical agent 
that ¢an prevent this means of dissemination, 


Methods Employed: (Dr. Ketcham) 


Ya previews studies reperted under thie project, it has 
been dexonstrated thet chemotherapy ef cancer, as applied by 
the surgeon, requires am agent to be effective on implants ast 
yet growing im its metastatic eite. This led to the development 
of artificially seeded operative wounds end the subcutanesus 
implantation of tuzxer incculum by the air bubble teckaiese. These 
techniques were applied im au in vitre group of studies in which 
the fnoculum, after being removed from the donor animsl, waz 
pre-treated with the drug te be used befere placing the ftaccuius 
inte the test animal, This gives direct information regarding 
eny omeolytie effect the drug under study may have when placed in 
direct ceatect with tumor celia. 


ia vive studies sore nearly approzimate conditions seen in 
the treatment ef human cancer by surgical means, In these lastances 
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the cwnor inoculum was placed in the operative wound, in an air 
bubble, intraperitoneally or intravereusly. The drug to be 
studied was them applied at varying imtervale ef time. The 
effectiveness of the treatment cam be measured by degree of 
inhibition of tumer growth, Im ali instances, tonicity studies 
were performed to determine the effect of the drug ca normal 
Eiesues. 


| his repert will deal with further studies ef Clorpactin 
KCB and additionally with che evaluation ef anether commercial 
hypechlerous acid Gerivitive, Clorox, as well es a prelimiuary 
evaluation of alcchel, kydrogen peroxide and ThicTEPA., 


Eypochlorous Acid Study - The bulk of the work bas been done 
Wath two animal tumora, S-91 melanoma with CDBA mice and K-<2 
ascites tumer with NIH white mice. In sil turers evaluated end | 
discussed ia this report, the inocula is prepared in a like 
manner, Ome gram ef viable tumor tissue ie prepared by the Sneli 
eFtosieve technique to 3 1:10 dilution, and thea this incculum 
placed either ia the subcutaneous pouch raised on the back ef 
the mouse by first injectiag air er inte am open wound brought 
about by blust Gissection. Groups of animals were first pre-treated 
with che drug to be evaluated, following which tumor was placed 
iste the wourd, This pre-treatment evaluation wes carried cut 
by placing the drug either in the pocket inte which the drug wae 
to be placed, or intraperiteneally te test ita effect upen the 
subeutaneeus tumor inoculum. In vitro mixtures ef apprepriate 
gsounte ef drug and emuor were similarly placed imte wounds to 
determine their im vitro tumoreidel activity. The in vive 
experiments, as with the pre-treatment experiments, were carried 
out at listed time intervals between the tumor ineculum end che 
drug. Throughest the closed wownd studies, 0.1 cc. of tumor 
suspension ami 6.5 ce. of drug were used, Im the open wound 
experiments, G.2 ce. of tumer suspeesien was used and 25 to SC 
es, of drug selution. Repeated cestrel studies were ren with 

ali groups. 


The open wound techrique was developed in an attempt to 
more adequately simulate the operating table. The axilla and/or 
tke geoins were dissected te expose the nerve and vascular plexus, 
and follewkag the aepropriate therapy the wound was closed with 
skin clips. 


All animals im the S-91 studies were sacrificed on the 23¢d 
aay and a visual estimate of the emowat of tumor recorded by 
comparing with one another end using a scale range of 0 te XO. 


All of the E-2 tumor injected animals were followed daily 
until the tumer first became palpable and that day recerded as 


1208 


oly 


ees asf i f sah ; Vn 


VSPA LUNA v aD A 
“Ae SU Ra ren 
‘ 


wah 


a 


<r 
a 





NCE-8-754 
. Serial Ho. 


the dey of tumer presentation, These mice were all followed 
umtil death and that day recerded. 


Methods Empleyed: (Dr. Nash) 


Use of Proflaviae henisulfate end 9 amino-acridine - Left 

axillary incisions simulating radical mastectomy wounds are 
made im amesthetized DBA Pauley grey mice seven to thirteen weeks 
of age. These imeisiens provide a pouch into which .05 cc. of 
@ tumor suspensicn of S-91 Cloudmam melanoma is placed. The 
suspension ig made aseptically using one gram of tumer taken 
£rom @ thigh implant of another DBA mouse carrying 5-91 melanosa. 
This is diluted with 10 ec. of isotonic sterile saline and 
pagesed through the Seell cytcsieve. Approximately 20 te 36 
minutes after tseculation, contrel axilla are then sprayed with 
dsetenic salise for one minute, delivering approximately 14; ; 
ec. ef fiuid, The wounds are then closed with 5-0 silk. Treated 

_exilia are sprayed with varicus concentrations of Preflavine 
bemisulfste and 9 asine-acridine for one minute, Inmcisious are 
then closed with 5-0 silk. Four dilutteas of the acridines are 
weed, varying frem 1 to §,000, 1 co 2,000, 1 toa 500, and i fo 
100. The selutienes are made by diesolving a measured aucunt of 

2ag powder with isetonic sterile saline, Each solution is made 

espreximately ome hour prier to use and kept in brown stoppered 
bottles, Tre sbove system is aleo used with imcculation of mast 
cell tweer suspansion made as the S-91 melenoma suspemsicn. The 
euperiment is divided into four groups corresponding with the 
differeat strengths ef drugs used. Each group centained treated 
and control animals fmoculated from the same tumor. Animals 
ave ebserved fer tumor develeguent. 


Ms jor Findings: (De. Ketchaw)} 


The preliminary Clorpactim KCB studies presented in a 
previous report are listed below: 





/ 


1. PBre-treating the wound with Clorpectin before tumor is 
iujected erhances tumcr growth. 


2, Treating @ wound contaminated with tumor with Clorpectia 
solution decreases tumer growth at esacentrations above the 
recommended 6.5%. The higher concentration is more adequate in 
having a tumorcideal effect, but the drug becomes toxic at the 
2 to 4% Level. 


3. The im vitro test tube mixture of tumor and Clorpactis 
eaapletely depresses all tumor growth. 


&, Heman serum imactivated Clerpactin except at a high 4% 
ecncentrazicen. 
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5. Increasing the volume of Clorpactia im the clesed wound 
aid mot significantly depress tumor growth and at the 2 aad 4% 
concentrations was texie te the animals. 


Tre accompanying table is a brief summary of an extensive 


survey using K-2 aseites tumer and varying concentrations of 
Clerpectin and Clerox. 
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Days It Took Ke2 Aseites Turer to Develop im Subcutaneous Pouch ~~ 1,000 Animale 


2, 2 coeeen SEARS ISTE A 2, 


pire i teatment | in Vivo fin Vitro 
Le win 
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Drug 
IL 


| chomectin 4k. 
E Clorpectiny 2h: 
fe Cloxpectin by. 
Le 


Clorox .06 ce. 





| Clorex 03 ce. 
iy 





Z| Clorox .015 ec. 


B 





. 

wy. “% 18 toxic ee & animals died, x developed no tumor, % had tumor on Lith day 
20 ef 60 animals develeped no tumor 

Results: 1, Pre-treatment atcentuation fa nearly all groupe. 


2.. Im vive results mot encouraging, 4 toe 5 daye of delay {a tumor growth waa the best 
seen, At ,06 cc. Clovex at 5 minutes there was a 4 day delay, but ede tousl ty 


1/3 ef the animals did not develop tumor. 
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Agaia there waa found a pre-treatment accentuation of 
tuner growth, The cnly encouraging tumorcidal activity of either 
drug in the im vive evaluation where tumor was followed by the 
drug was usiag a concentration of Clorexz which had .06 cc. diluted | 
te & ee. ef water, There was s four day delay in tumor growth, 
~ but additionally 1/3 of the enimais did net develop tumor. The 
ia vitro mixture resulted in no tuser growth. 


Using S-91 tweor, Clorox again showed at both a .96 ec. 
and a .03 cc. concentration seme depression of the amount of temor 
growth seen as compared to the controle, but mot of a stetiatically 
significant degree. 


42 a matter of imterest, it should be mentioned that 
Clorpactin XCB kas am active OCl ceatest cf 7.25%. Clerex is a 
5% solution of NaOCl. It cam be calculated that 0.6 ec. of 
Clorox equaig 2 mg. of GC1. 0.5 ec. of a Ik Clerpactia eclutien 
equals .35 mg. of GCl. Therefere, the Clereox has a much greater 
content of the active ingredient OC1 in equal amounts ef Clerpactin 
1%. It is theorized that the CCI is liberated more slowly in 
the Clorpactin solution end thus the reason for the lower concentration 
of OC] being affected. 


Complete toxieity evaluation of these druge is ust bela 
preseated, bat of interest is the open wound rabbit exilie 
texteity studiee, Clerpactin, 1 ce. im a 250 ce. valume, was 
eempared to Clorox. Im a similar volume of a .06 ce, concentration, 
both 1% and 2% Slerpactin golutions gave a partial weakness of the 
corresponding extremity, but by the 45-60th post-treatment day 
there had been recovery from this paraiysis. The .05 «cc. 
concentration of Clerox gave aia. paralysis which did net 
recover, followed for over 90 days. A .015 concentration of 
Clerox gave parsiyesis from which the animal ‘recovered similar 
to the Clorpactin cemcentrations. 


Alcohol Studies - A 25% solution ef alcchol, using 0.5 ce. in 
_ 8 subeutanmeous pocket, was telerated adequately by the animais. 
Higher concentrations breugkt ebout death. 


in vitro mixtures of this 25% aicchol aad tumor resulied in 
Bo growth of tumor when placed ia the animal peck. Ina the 
fellowing table (Table If) alechol was used to treat S-9i and 
K-2 aseites tumor animais. There is again a pre-treatment accentustica 
at the listed time interval. The im vivo attempts to depress 
tumor growth were only moderately succeasiul when comparisen with 
the centrol wes made. Ne growth was seen when the tremor was 
immediately follewed by the alcohol solution using K-2 ascites. 
This was felt very likely te be am ia vitro type Of activity in 
this small subcutaneous pouch. 
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TABLE If 


25% Aleohol in Subcutaneous Pouch 
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Eydzogen Peronide Studies - 6.25 cc. of a 1Z solution of 
hydrogen peroxide was the highest concentration tolerated. 
fable EEE presents the reaults using K-2 escites tumor, S~92 
melanoma, T-241 gercema, and DRA-49. With all tumors there is 
complete im vitro tumoreidsl activity and the previously 
noted pre-treatment .accemtuation ef growth, Im vive activity 
with all tumors is present but not statistically significant 
when cospared with the comtrolh animals, 


TABLE ILE 


Baye It Teck Tumor to Develop Using .25 ce. 1% 4,9, 
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Merthiolate Studies - Usiag 0.5 ce, amounts, concentrations 
ef merthiclate were toxic te the animal until the 0.2% solution 
was used, Listed is Table IV are the results of this drug end 
the eppropelate tumors, Again, essentially identical findinge 
are moted, - ; 


TASLE IV 


Days Ke Took Tumer to Develop Usiag .5 ec. ef 0.2% Merthiolate 
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ThiolLEPA Studies - Teble V presente the studies using the 
listed eoncentraticn of this drug. The pre-treatment accentuation 
wes consistest. Except for T-241, the other three tumors showed 
the most neteble depression of their growth thus presented. 
There was a statistically significant depression sf growth ae 

_iisted by the increased number of days it took twzor to develop. 

Taig was most netable with S-91 melanoma. 


TASLE V 


Daye i 


& Took Tumor to Develop Using .5 ce. of 0.05% ThiolEPA 





| no growth | 
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Summary - Pre-treatment accentuation has been noted with most 
drugs tested. The degree varies depending upon the ameunt of 
érug used end the time the drug precedes the tumor inoculation. 
This was presumed to be s mechanical irritating effect setting 

up an inflemed vascular area as am idesl site for fucreased 
tumor growth, Uowever, im all the studies presented in the 
preceding tables where pre-treatment evaluation was dene, there 
wae @ comeurreat fatreperiteszeal pre-treatment study perfeorued. 
A iike amount of dreg was placed fatraperitoneally and them et 
the imtervals listed in the tables, the imeculum placed 
subcutaneously. In aearly every imstamce there was pre-treatment 
accentuation ef tumor growth ef a degree which was less thar 
that seen with the subcutamesus pre-treatment inoculation, but 
varying only by a day er two. This suggests that this phenomenon 
ef pre-treatment sceentuation is due to some unknown fatrinsic 
eystemic mechanism rather than a pure local mechanical effect, 


Further Oper Wound Evaluation with K-2 Ascites Tumor - Two 
methoda were used to irrigate these open wounds, The first wes 
by eimpie 56 ce. syringe gerceful irrigation of the wound 

whieh had had tumos gently messaged inte the wound and lef 

for five wiastes,. The second was using 50 ce. of selutior with 
@ high pressure spray which followed the .2 ce. of tumor inoculation 
by five mimutes, Both axillae, and im same imstances, both 
grelas were exposed, iselated from ome smother te prevent cross 
contaaimacion, ead used in the evaluation as te whether tumor 
would grew or met. By siepmle syringe irrigation, 50% of the 
asimal wounds developed mo tumor growth when saline, varying 
eoncentrations of Cicrpectin, or Clorez was used, The exception 
te this was im the .03 ce. and the .O15 ec. cemcentration of 
Clorex where 25-30h of the animals only developed tumor in 

their wound. Weisg the high presgaure spray, again with varying 
concentrations ef Clorox, Clorpsctia, and edding to the pretocel, 
50 and 254 alcohol and .2% merthfolate and distilled water, the 
results with che druge were essentially similar with a 50-602 
iastance of tumor growth to thdse washed only with saline. An 
axception to this was the 50% concentration of alcohol, where 
39-35% of the wounde developed tumer. 


The resulte of this rather extensive open wound protece! 
suggest strongly that there any be some imcreaged tumorcidal 
activity te using ene of the agents, particularly aleohe! ox 
Cleroz, but the essential findings are similar te these found 
waen onky ealine alone is used, Thus, the pure mechanical effect 
ef washing a wound with saline is most edvantageous as sugsested 
im last year’s annual report. It might be augmented somewhat 
by the edditicral use of a tumorcidal agent. 
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Major Findings: (Dr. Hash) 


Four pilet studies have been performed using four 

sencentrations of proflavine hemisulfate: 1 to 5,000, 1 
to 1,000, 1 to 500, and 1 to 180. These pilot studies have 
used a suspension of 5-91 melanoma placed imte a left axillary 

fimeision, These animala were divided inte saline control 
eprayed groups ard treated groups. The first group was treated 
with a dilutica of 1 to 5,000 proflavine hemisulfate. Out 
of 14 saline sprey contrel amimeais, 12 enimale developed tumor 
in 30 daye ranging from 46 mg. to 4.7 g. Two animals did not 
aevelep tumor or any gross evidence of melawin deposit im the 
iacisions. Is the treated group, 7 out of 18 animale did not 
develop nadules. However, there was pigment etaining of the 

* axilla. The resaining animals developed tumor varying from 

56 mg. to 2.6 grams. ‘This group wea sacrificed at 30 days. 
Ie the second group, treated with 1 to 1,000 preflavine 
hemisulfate, the enfimeals were sacrificed at 30 days. Ten 
saline contrel animals developed tumor ranging from 26 mg. 
te 4.2 g. Im all ten treated animals there were mo tumor 
rodules grossly. However, there wes pigment staining of the 
axillary commestive tissue, Pathology tissue sections were 
taken of several ef these azillae, and on micrescepic exaaination 
clumps ef salania containing twemor cells were seen, In the 
third atudy group three out of ten salime control animals did 
moc develop agy tumor and did not have any pigment staining of 
the auiile. Tee rest of the animals ail developed tumor reaging 
from 10 mg. to 1.3 graws. Im the treated group, with 1 to 500 
éilution of preflavine, all animale failed te develop tumor 
nodules. However, pigment steiming of the axillary connective 
tdasue was present end similer im appearence te group 2. There 
wes em increeze in Clbrosis ef the operative axilla. In the 
Eourth group sprayed with 1 to 100 dilution cf proflavine 
hemisuifate, ten animale failed to euhibit tumor nedules at 
the end of 3) days. Hewever, all axtllae contained gross tumor 
pigment whieh was similiar te the other groups. There was en 
igerease im fibrosis and ulceration in this group. Im the saliias 
centrol animals, eight out of ten animals developed gross tumor 
negsles. Two enimeis falied to develop tumor or pigment staining 
im the axillary contenca. Fram these pilot studies it is seen: 
thet using 1 to 1,086, 1 te 500, and 1 te 160 dilution cf 
profiavine hemlzeulfate that tumor nodules did mot develop at 
the end of 30 days. However, residwal tumer cells remain en 
microscopic examination. Treating the fmoculated axillee 
with sterile salime spray, a emall percentage ef animals failed 
to develop tuzer or pigwert staiaing axiliaze. 


Significanmee to Cameer Research: 
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As further laboratcry and clinical experience with | 
local chemotherapy of seeded operative wounds is obtained, 
it becomes apparent that more ie involved in implantation and 
growth of tumor fspiants than the simple presence of the cells. 
Tre ability of implants to grow can be influenced im both a 
positive and a negative way. Simple applicetioa of tumorcidal 
agents ie apparently net eufficlent te control lecal recurrence 
of eancer, Possibly the most significant factor of these studies 
is the demonstration of a pre-treatment accentuation effect. 
I€ it were poseible to understand the facters involved in this 
ghenomenon, a means might be available for conmtroi of cancer 


im man. 


Propesed Course ef Project: 


Continued efferts will be made to find am effective 
method of preventing lecal wound implentation of free cancer 
eelils. The studies will probably lead te more basic understanding 
of factors asscciated with implantation and growth of cancer 
eelle, 
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fart B: Honors, Avards, and Publications 
Publications other then abstrects from this projects 


Heverback, Ghester 4. and Smith, Robert R.: Transplantation 
of Tumor by Sutare Thread and Its Prevention: 4n Experi- 
sentel Study. Cancer 12:5, 1029-1042, 1959. 


Honors end Awerds relating to this projects None 
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iadividusl Project Repert 
Calendar Year 1959 


Part A. 


Project Ticle: Use of a Chemically-Befined Water Soluble Diet 
. fa Cancer Patients. 


Principal investigator: Dr. Rebert B. Couch 


Gther Investigators; Ds, Leom Rosenberg, Dr. Donald Watkin, 
De. Rebert R. Smith, Dr. Milton Wintite, 
Be. Sanford Birnbauz, Mr. M. Clyde Otey, 
énd Dr. Jesse Greenstein 


€seperating Units: Laboratory of Biochemistry and Metabclisu: 
Service, NOT 


Man Years (calendar year 1959): Patient Days (calendar 
Totals a year 1959): 
Professional: 1 
Orchez: QO 


Project Descriptions 


Objectives: 


The purification and synthesis of emino acids, carbokydraces, 
Zats, and vitemine has allowed the nutritional investigator 
considerable freedom of manipulation of these essential nutrients 
and has aided is maintaining constancy of diets. Liquid dicts, by 
previding uniferm intake, eahence the quantitative validity of 
mutritiozal ievestigation. Greenstein and essociates have added 
stili another advaztege to quantitative studies by designing an 
entirely water soluble diet. This imsures equal exposure of all 
nutrients to intestinal mscose ae weil as making diet analysis 
wore accurate, These investigaters have utilized the advancages 
‘ef a chemicaily defined water soluble diet for quantitative. 
nutritional studies im rats, Tneir investigation kes been focusad 
primarily on the amine acid content, end comparisons of ratics, 
quantities, and cempesition of this fraction have provided «any 
iliueinsting features cf amino ecid metabolism, This project was 
\ @ssigned im order te expand to humans these studies as well as 
mumerous others. This report constitutes selection and study of 
a form of this diet suitable for clivical investigaticn, : 


Metheds Euployeds 
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i, Besign of Diet: 


All vitamins and minerals used in this diet were felt to 
be essential for man, The mineral salts used were selected for 
solubilicy ressous. All quantities used were these recommended 
by the food and nutrition beard of the National Research Council. 


_Where no recemmendation was available the iiterature was consulted 


and a reasonable quantity arrived at. Four wixtures of amine acids 
were used (Table I).. Mixtures 1 and 2 were used ia the preliminary 
studies and mixtures 3 and 4 in the metabolic balance studies. 

Mixture 1 includes ali ten amino acids essential for the rat. Arginine 
was added because of the reported value im preventing ammonia texicity. 
Histidime was included because only short term human studies have 

been performed without this emino acid. In preliminary studies 

DL Alanine waa used as a source of nonessentiel nitrogem to make a 
total quantity of 75 grams of amino scids with a calculated nitrogen 


value of 11.2 grams per day. Mixture 2 was used im one patient. 


Mixture 3 was the basic mixture fer balesce study and consisted of 
the 18 amino acids present in casein, The ratio of essential 
émino acids used were these resulting from determination of the 
minimum requirement of each essential amino acid for 120 gram rates 
feeding solely on this type diet. The comeentration of essential 
maine acide, 37% of the total quantity, was shown to produce 
eptimal growth in the rat. The total quentity of each essential 
ezine acid given per day was greater than the minimum intake determined 
by Bose, Edfel was used as a source of fat in three imstamces te 
provide 1/3 of caleries. This wes later changed to ethyl linoleate, 
thus providing all mutriemte in chemically defined form. The 

total lipid was the esky eutrient im this diet present in Less than 
optimal quantigies, Deutroee, sucrese, and maltose were all used as 
e carbohydrate source. The only difference noted was the difference 
im relative sweetrese when given orally. Dextrose was selected az 
the most desirable source of csrbohydrate. The total daily diet 
ealiquet provided 40 calories per kilogram weight except se noted. 


EL, Preparation amd Administration cf Diet: 


All emino ecids and monocaicium fructess 1, 6-diphosphate 
were purified by dissolving im boiling water or hot alcohol, 
filtering through ectiveted charcoal, and reprecipitating with 95% 
alcohol or vasuem distillation. The precipitate was filtered and 
washed with alcohol end ether. Sugar, vitamias, and minerais used 
were all of the highest purity obtainable. Edicel was obtained fram 
Schenlabs Pharmaceuticals, Inc. Ethyl Liseleate was obtained fron 
the Hormel Research Iuctitute and was 99% pure. 


* Commercially available coconut efl mixture. 
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The diet was prepared in two ways. For the preliminary 


studies the chemicals were weighed and bettledé in dry form in 


adsily siiguots, These were put inte solution in a Waring blender 
and filtered through Whatman % filter paper. The sugar was placed 
in solution separately and the two solutions mixed. For the 


patients receiving Ediol, daily aliquots were bottled and the fat 


+ 


and fat soluble vitamins added on the day of use. In the rensining 
preliminary studies the ethyl linoleate and fat soluble vitamins 
were mixed theroughly with polysorbate 80, then mixed with the diet 
to produce en emulsion. Daily aliquots were measured volumetrically 
ané refrigerated umtil used. 


Bor the balance studies the less scluble emine acids were 
placed im solution by shaking aS gallon jug containing an aliquot 
of distilled water. The more soluble emino acids, minerals, and 
vitewins were then placed imte selution ia a similar manner, Dextrose, 
dissolved separately, was added to the solution end shaking was 


eontiaued umtil the solution was water clear. The diet was 


filtered through #% filter paper, and ethy! Iinoleate and fat 
seluble vitaaine added in the seme manner ag noted above. Daily 
aliquets were removed and frosen until 12 houre prior to use. They 
were then thawed, 260 ce, of 2i carboxymethylcellulose amd flavoring 
(when used) were added, and the aliquot diluted to a predetermined 
20 to 25% diet selutien. Five separate feedings were aweasured out 
and reirigerated until given. 


Tee diet was given im 12 separate courses to 7 patients, 
Five patients received the diet vie imdwelling esophagostomy tube 
and two patients reeeived the diet orally. When given orally, 
flavoring was given to improve taste. Patients im the preliminary 
study received the diet in 3 te 8 separate feedings, and the two 
patients during metsbelie balance etudy received the diet in 5 
separate feedings per day, The feeding was taken over a 10 to 30 
minmste peried. Distilled water was provided ad Lib except duricg 
metabolic balance study where a4 regimented intake was used. 


EYL, Design of Study: 


1, Preliminary studies: Six patients received the diet for 
20 days with 14 daye ef centre] befere and after each experimental pericd. 
Twe patients received the diet for 7 days only after the observation 
wag made thet all problezs arese within this time limit. Weight 
wes taken accurately every other day. A record was kept of each 
steol with its description and stool weighte and volumes were measured 
om one mele patient during the experimental periscd, Imtake and 


| output records were kept on five patients, UWrine eud bleed studies 


were performed once weekly and included routine uriaalysis, complete 
peripheral blood counts, and a brosd coverage ef bleed ae 
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Coetrol diet wes regular hospital or Waring blender diet. Two 
patients received 39 calories per kile during the control pericds 
and one patient om 2 weight reduciag regine received 1200) calories 
per day. 


_2. Variations in calories and amimo acid isomere;: Patient 
E.G, was selected fcr thie study. Control diet was Waring blendor. 
Each study cengisted ef two 6 day periods with two or three central 
periods befcre and after each, Three forms of the diet were 
coupared im this setting, The diet as listed with emino acid 
mixture masber 3 at 40 calories per kilo, the same diet with added 
dextrese to make 50 calories per kile, end the diet as listed with 
esine acid mizture mumber 4 were used im separate 12 day study 
pericds. Ali diets, experimental and contrel, were isonitrogezcus. 
All were isecalorie except as noted. Standard metabolic balance 
techniques were used, Diet and peoled urines oe stools were 
analyzed for tetel nitrogen, uric acid, K‘, Hat, C1”, Ca‘* ang pti, 
Bleeds were drawn and analyzed one Lae period for TES, BUN, erestiniae, 
uric acid, exmonta, TSP A/G, Na’, ; Cl", C02, Het, Heb, and WBC, 
Serum lipids comsisting of Serpe ae (total and estars), phospholipids, 
triglycerides, and unsaturated fatty acids were performed once per 
petied, Treoretical and actual balance were calculated and results 
at each pericd compared. 


. 3. Baepletion-Repletion: Patient J.G. was selected for this 
study. Following a 12 day control peried he was placed oa a 
chesically defined water soluble nitrogen free diet for 12 dayz of 
nitrogen depletion. Thige was followed by 12 days of nitrogen 
repletion utilizing the seme diet with amino acid mixture aumber 4. 
All diets were isccaloric throughout (40 calories/kiloe), and the 
repletion diet and control dieta were aleo isenitrogencus, Stenderd 
metabolic balance techniques were used and the same date obtained 
eg above. 


Fatient Material: 





Trese studies were performed on seven patients ef the 
surgical service. An effort wes made to select them et a time 
whens no extranesus influences would cccur duriag the study pericd. 
Geher then this, the only criterion for selection was that they be 
etablis in their disease process, cooperative, and have en eee 
GI tract amd normal liver and renal fumetion etudies, A brief esse 
histery of the two patiente on whem setabolic studies were perifc teed 
will be described. 


Patient £.C. (45 CM): Admitted te NIH in 1954. This 
patient gave a histery of primary lip carcinema fa 1945 with wes 
resection followed by irradiation ef a recurrence, There wis ne 
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further treatment until 1954 whem he presented himself at the NIH 
with extensive Local invelvemenmt and bilateral cervical aede 
metastases, A radical local excision with bilateral neck dissecticn 
was dome, Sinee that time he hes had sumerous excisions for lLecal 
recurrences. His weight has been stable. AE the time of this study 
he had extensive lecal recurrence of his cancer associated with a 
great deal of pain. There was no evidence of distant metastasec. 


Patient J.G. (69 WM): This man preserted himself at the NIH 
ia 1957 with 4 = 4 cm. fungating epidermoid carcinoma of the hard 
palate. A vadical local excision was dene. Since then his weight 
has been stable and no evidence of recurrence has been noted. 


Major Pindings: 
I, Preliminary Studies: 


1. Glimical findings: AL three patients receiving Ediol 
ag @ source o£ fat complained of occassional abdominal cramps, This 
has net been present since it wes eliminated, Exeess flatus and 
eructaties were frequently reported, theugh clinically insignificant 
symptoms. Preliminary ebservations limited the diffiewity te 
two symptoms, mausea and diarrkea. To elucidate their origin a 
series of elimination diets were set up designed to poimt te the 
cause of these syeptems. The sugar wsed im each diet bore no 
relationship to eyeptoms except that with sucrose the diet was 
veported as “wauseously sweet.” Sehedule of admimigtcration, Edicl, 
polyserbate 30, and B amine acids bore no relationship to nausea 
er diarrhea, The perassunt factor as regards nausea proved to be 
ailet concentration, Diet solutions of 35-65% produced mausea in 
four of five patients. Diet solutiens of 20-25% failed to produce 
any mausea im three patients. When nausea did ceeur, an soparent 
phyalolegical adjustment teok plece aud the sywptom vould Leave 
aster 5 to ? days. 


Diarrhea could be more appropriately labeled “frequent call 
to steel" as measured volumes were always less than 200 ec, aud 
weights less than 200 grams per 24 hours. Hewever, it was en 
eunoying sympt@a, On many days the patients would have 5 te 7 
stools and im ose patient as many ae 12 per day, All steels were 
mucoid and small, and chis symptom remained present throughout the 
experimental peried. Mo specifie cause has been discovered; however, 
when carboxuymethyicellulese was added to all the special diet of 
one patiert, diarvkes did met cceur, 


Z. Weights: Two patients lest weight throughout the couree 
of the study, one on 1200 calories and one fin a prolonged postepe re 
state, These weight records are not included here, The two vatients 
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receiving the diet Zor seven days only did not lese weight. The 
four cases presented here had ne clinicai or laboratory reason te 
lose or gain weight apart from the use of this diet. Patient E.C. 
had a steady gain is weight throughout the study with a total of 

one kilogram gaim for the 48 day pericd. Patient M.C. had no 9 
chease througheut. Patient M.F. lesz 1.0 kilograms in the contre?! 
period in asscciation with a lecal surgical procedure. Following 
stabilization, the special diet wes begum and she had soe further 
weight Less. Patient J.G. lost 1.0 kilegram over the initial seven 
days of the experimental period. This wes associated with clinically 
significant nausea, The regime was not changed, nausea disappeared 
after seven days, end he had neo further difficulty, This was 
follewed by regesin sf the weight iess. 


3. Others: Intake end output records revesied no abnorzal 
water balance, All of urine and blood anelyses reasined eseentiaily 
unchanged throughout the 48 day period with the exceptica of 
bleed wrea aitregen. Tais chemistry decreased during the experimental 
period in 3 ef the 6 patients. Decreased ures synthesis has been 
suggested by the decreased urea eucretion reported By Birnhewn with 
the use of a DL amine acid diet. 


Zi. Variation in Caleries end Amiso Acid Isomers: 


Pstlert £.€. was the subject. There wes ne significant 
change in weight er ebnormal water Belamee. The patient expericacad 
nausea with 2524 diet cencentrations requiring complete cessation of 
fateke for 4/3 of ese day. Cn deereasing concentration te 17<20h, 
me further nausea cecurred, Wheress nermally the patient hed 1 ¢o 
2 steels ger day,uaile receiving the experimental diet he had 2 ts 
3. Otherwise we clinical ebnormslitcies were noted. 


Balawce Geta are as yet incomplete; however, nitrogen 
daiances are for the most part available and ere ineluded in Table 
EL. The very lew stool sitrogen eutput wes @ Eeature commen ca 
ali periods om the experiments? diet. The esterisk marked sericds 
were each eceomanied by two days of nauses at the oneet of thse 
period. Tries eaausez end diet adjustment may partly acecust fer the 
low nitrogen retenmties values as compared te coatrol perieds, Gne 
cannot say thet aay of these diet mintures are poor. Considering 
euly the nitreges Balaace date, if appears that the L amino acid 
mizteure at 50 caleries per kile ite equal im value to the contes? 
diet at 49 calories per kile, whereas the L amine acid diet at 4 
ealeries per kile clearly seems to be inferior te the control diez. 
Thie ie in keeping with the report of Birabaum, et al., that chough 
this diet is superier te all cther mixtures used im their ciudias, 
it is stili isferier to wreole feeds. Thie also supports the 
conclusion ef Rese chat im erder te sroduce nitrogee retention, pure 
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emine aeid dietea require a greater calorie per kile value than 
isonitrogeaous whele food diets. The diet containing racemic 

amine acids wes cleerly inferior to any of the others. Clarification 
of these conclusions awaits the cemplete balance data. 


ZiZ, Depletilon-Repletion: 


Patient J.G. was the subject. There was no significant 
change in weight even during the depletion and repletion phesss. 
Apart from urgeney to etool and increase im frequeacy of L-2 
steols ser day, the only symptom was that of mild lassitude during 
depletion which the patient was not sware of wumtil he noted the 
difference during the repletion phase, The balance data given in 
Table Ik clearly shew that the water soluble diet is capable of 
aéequately repleting a hmaan following nitrogen depletion. While 
tetel repletion duving that phase of the atudy was not complete, 
the patient did met replete faster om a whole foed diet. Again, 
éelarvification of these results eweits the complete balance date. 


Significance to Cancer Research: 





Trese etudies provide baseline inZormation and data om en 
experimental tool chat can be used to ascertain the nature of 
amino acid emi sitrogen metabolism ia cancer patients. Ascertainiag 
these abnormalities net only will further our wmderstandiag of 
cancer, but may lead the wey te potential avenues of therapy. 


Preposes Course of Project: 


Publication of the data presented is planned. Further 
studies in the metaboliem of caecer will await return of the 
senier author from temporery leave ef absence. 


i 


Pert B imeluded: Yes {/ /? Ho 


1227 ae 





NET-8-755(c) 
Serial Ne. 


Diet 2 


‘Viltomins: 


Miaeralse 


Carbohydrates? 


Fats: 


8 


e 
ve 


2 


TABLE I 
Diets Utilized im This Study 


Thigmime BCL .occccccavcccaevccee0ce & 

RUDOSVAUIN i. clsclotelevero ain orolc ore) olcloveroraescign ae 

Pyridemine HC] cocccccccccccvccccccs 2 HgM 
Nisein Hes Aas prc a rei Be ek O78 Jar CR pee 12 

Inssiteal eovccod0oacgoaoceccoaoeoceogececaoceouaocog 1 

Choline HCL cocoacvcaccoacccavcoocs LOO gm 
Ca, Pamtethermate cocccoccceoccacccce LO: mgm 
Biotin atoll ors Toleteror orarote tare elore SiO orere rele wteke i REE 
Rolfe rAetid vers ciclotoi hoictorovoiaicicrclalciolojere leven rains Lae 
Ascorbic Acid: oscooccocscsccoccocccs F9 gm 
Vitamin BY? coccoccconcce0cccecccces 2 mgm 
P evoevegcvgo0vuVveo0009CLOLEOKEGLVOADO0 500 gw 
Vitamin A eoL00e00DLGEQDLOSDLOECOO0000 4600 £ 
Yitemin pyajaloioioreielcloleiareta(e eiclctelcioiareicien (aU ot 
Tocopherol cccccoouccoccccsceeccocce SO) 6B 
Yitemin K eocooabevovcoocoococoooacnesa@eeoscoo0dc0 ocd 2 Ag 


Potassiws CLETate wcoocvcccovecccceces 12 gms 
Magnesium Citrate coccocccocceccooce O25 gms 
Potassiva Rydrozide oocoooovcacv0ae gd 2.4 gms 


Mages ium Guide eoocveoeoenrogocoacaaoaaod 0545 patie 3) 


Giucuremolaccone cocccccccecccovcvcce 10,8 gms 
Potassium Iodid@ 2.cccocuccocoocccccs Oo3 BEM 
Manganese Acetate cecocccccaccca000s 22 gM 
Ziwe BemBeste cocococacccccsvcvesccces Lod MEA 
Caprie &eetate pooeso0v00cnvcagecne000 3 / Tages 
Cobaltous Acetate cccoceoccsesccaevce 2 MER 
Aamo iim Molybdate ecevanvcovor9gn00000 0.5 lagna 
Ferrous Asmonium Sulfate ..co.cceccoe 84 mgm 
Ferrous GIvcomste cooccccccvceccecxe Oo LG mem 
Sediwa Chloride .occcccccccacccc0cce SF gag 
Msmocalcium Fructese 

3, G-Diphesphate .ocoasacecoocccc, SO gas 


Dextrose 
Sucrase ofroogsceongogdno gc Haoe cee ogonodo rensining 
Maltose ; ealories 


‘Bdgel aeoovevovv9se COOGCOHOKHGOoACVGTBROeCO 1/3 ealories 


Eehy?2 LineLeate goeoovo0eavven000GgGv0G00 2 ges 
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areine Acids; 


Diet 2 
Viral ng: 
Miaeralss 
Carbobydzate: 
Pat: 


Awinze Acids: 


Biet 3 
Vitamins: 
Rinerals: 

Carbohydrate: 


Face 


DL Tryptopheee .ccoccccccvsccvvcccevo 
BL Phenmylalamime .coocvvccccsscccvcc 
DE Threonmime “scccoocccccescconcecoo oe 
WE, VERimel(.ccclo ccc ciccoclocclsic noc uc ce 
DL Methionine cocccccucsocceosoveoues 
Ysoleucine ¢ 

Alleigoleueine ( exrgocvoveeo000000 
Lysine covooecg000v00000a0G000000 
Leucine cogoococe gnu ecoeooeceoveaeggeond 
Avgiaiae HCL .cocecevoscccececcce 
Wistiding HCL covscoacocucaucecoco 
BL AV AR EMS Sc cicicorovaralo oie Giotolociolororovelorovore 


ie et es os 


Same ae Blet 1 
Same ag Diet 1 
Maltese 

Ethyl Linoleate 


i. Eyyptophene e@oovvevcovuceoacaoceccgaeoo 90 
4 Paenylelenine eooocn2oocvetreoDvDeeconce 


L Tereemime .ccccccccucvceccecvccvce 
L, ¥aline SIC EOROLOLOSCECLOLCLOLILORC LONDON CTO) O1 A OIC. OL OT Oi< 
Li eth Leaine sc cvorcalc cio-o'clolclo orcicluiolcro.c' 
Ly isoleucine cco cc occs cco s vio 0 0000 
LiLyeinevHCr ccccccc ccc oclaicccccucse 
L Leveine eeccocoo0ovagoveqoocresodgeocsaoe 
L Arginine RCL avvesv0ooecgreacco0ce 
L Histidine HCL ..coccccccacccccv00e 


ds Alanine eoo00ceKvveCe OC OE QGoOoOUVOGOHVEHO 5 
. 


Same es Diet 1 
Seme aa Bier 2 
Dextresa 


Ethyl Liaelsate 
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NCT-8-755(e) 
Serial No. 


fsiae Sclds: 


Bier & 


¥itamine: 


Miserais: 


Carbohydrate; 
Fat: 


fine Acide: 
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% Total Nitrogen 


L Eysine HC] cocccoccaccococcacocons LIokO 
TOHAGSCIATRSUHOL Vi accllcicloicis cialalsiola wiorera aio GO 
Lv Ate ini Oen HCl cic cre see ciclolejorslersicrclorc ml G2 1k O 
L, Tnyptophkane cocccccccocccconccc0cee Laode 
ZL, Phenylelanine ecoocrvocaveanvosco000a 8.48 
LOLGucime. caacisclalseiee cielcicicicid cle cic oloclon Oe OG 
L Esoleweime o.ccccoccccvcacccccecce 10.68 
LERTEGMINE csc c co ciccoec co ccooclec orb L oto 
Tn Mechionina iia. ccicioc <cicicis vic ajo aciaicre sro aO 
PAC IR Te enn DG GOO OOOO SOM OOOO OmOGr a saeh) 
UvyAL aw enen colonic oc cles cicuicloleicra cca cia 

Glveinenrcclaiincileccialc cio ec clo clcerie a L600 
L Aspartic Acid .ccccscccccccceccece 10.92 
Ty ELOUS RO ae cee cro oibionicieciscwio colclciaios eo ke 
L Menesodiuz ¢ 8.28 
i, Glutamate € pDOoOcooYUGOBLDODOSCSVG0R000 c 
LE Glutamine: giocicicicis ciclo clersicie clovcicicie coo ote 
L Fyrosin Ethyl Ester HCL ..occccece Bo/D 
3; SS@ZABE) ti s,oc cre ceueie aie ta cletelolero euclersicloiciat li aolas 
L Cysteine Ethyl Ester HEL ..coccocoo Fod& 


Same aa Diet L 
Same as Diet I 
Dextrase 

Sthyl Linoleste 


Sees saime acids es Diet 3. ALL Lecmers were racemic 
DL ferm im twice the value given fer essential azine 
aciée and the same value for ronessential amine acids 
with the exceptioa of those lieted. Thesa amias acids 
were L form and were used in the saze quantities as in 
Diet 3. 


L Lysine HCL 

L Bietidine HCl 

L Avginings KCl 

L Aspartic Acid 

L Proliae 

Menescdium L Gintamate 

L Tyresia Ethyl Ester HCL 
L Cysteine Ethyl Ester HCL 


Zoe 


on 


ee 
ean 
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eh 








TABLE IT : 


é Nitvogen Balance Data 


ae 


A. YVartationas in Diet 





ee ee ee ee 
: i at : ae ak Son= 
L ages St Centre! \40 catius | Contre! so catsee | COMErO! | 40 cal/kg [trol 











Average Daily 
Vitregen EE 


SO on TE SECTS 


average Datly 
spec} Output 
Average Daily a | “4 

vedne ty Output 17.49 | 7.62 (9.18 |8.21 (6,82 (6.98 |8.72 |6.62 

foie Nitrogen ' 4 Ie | - . | \* 
| Balance 1-42 O46) +148} 4.80 | -1.52)+2.70)-+2.82) 11.291 +h 481 +2.851+2.94} 12.461 

















B. Bepletion-Repletion 


i 


Depletion , Repletion | Centrol | é 





: Period 


Control 


sverage Daily : e aut 
2 Ni abe SOSGR Intake {UL.2GUL.8F; 26, 25) 10.93) 10.93) 22.04) 11.04) 





isevage Daily 
S280, Gutput | 


eae 


| 98 {2.32 |2.22 


[beta 





serage Daily 


Geina nazy Output | 8.50 | 7.31 [7.42 ue 7.16 | 7.04 





ally Nitreges . 
alance — Pies ia aal fee a of, 07] = 3.14) $2.92) eae 89) +26 561 +2. 7G} 


oda 
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Serial No. NCI-9-756(¢) 
L. Surgery y Branch 
2a 
3. Bethesda, Md. 


PHS-NIS 
individual Project Report 
Caleadar Year 1959 — 
Part A. 

Project Title: Viruses Assoeleted with Human Tumors. 

Principal Imvestigaters: Dr. Robert A, Manaker, Laboratory of 
Biology, NCI, Dr. Rebert B. Couch, and 
De, Edward MeLaughlin 

Other Investigators: 


Cooperating Units: Laboratory of Biolegy, NCI 


Man Years (calendar year 1959); Patient Days (calendar 
Total: i year 1959): 
Professional: j]- 

Cther: os 


eo 


Project Deseription: 
Objectives: 


_ Studies have demonstrated that wiruses may be associated 
with animal tweors in any of several ways. The virus may be 
enly a passenger serving no beneficial or detrimental relaticaship 
with the tumor. Ic may be a latent infection of varying duration, 
eectivity wnea it exccurs being manifested by mecrosis of tumor er 
stimulation cf growth. Secendarily infected tumora by artificial 
oy natural means may result im tumor rnecreeis and finally, viruses 
dnfecting normal tisave with or without en intervening Letent 
state may induce tumor formation in thie tisewe. Many ef these 
relationships have bees demonstrated in virue-animal tumor systems. 
Sase heve also been dexonstrated in virua-human tumor systeme. iI 
order to study these virus-human tusmer veletieonships, cooperative 
studies were insciteted between the surgical branch of the NCI end 
the other umiga of the NIH. The present study is a ecoparative 
venture between the Laboratory cf Bielegy and the Surgery Branch 
of the RCI, it has as its obfective the iesiation of viruses frou 
humga tumors and the characterisation of the relationship thse 
existed, The effort of the surgical brasck hes been directed by 
the premise that the virus might be unmasked and/or preduced in 
sufficient quantity for study by maintaining the perent tumor in 
a hese free systes. Tkis syatem has consisted ef tissue cultures 
ef the tumors im heterologous or artificiel media. , 


A brief deseription of the project ig imcluded (Table £) 
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along with complete details of that part of che project carried 
ewt by the Surgery Branch. 


Materials; 
i, Hanks Basal Sale Soluticn (yesh Eluia) 
2. NOT 199 Mediums 
3. Hagie’s Medium 
&. Yeast Extract Mediun 
5, Chang’s Medium 
§ Pooled tuman Serum {comtrace) 
ie Bone Servium 
8 Peniciliie and Streptemyein 
9. p25 Culture Fiasks with and without Perferaced 


Caliophaae 


Kebtkedss 





i. The tumor imacdiately etter excision is tekern to 
Pathology where ic ie cut under sterile conditions and 2 perticn 
piaced in chilied basal salt selution ia en fce bath, When 
possible, a larger portion ef the tumor is taken after photography 
and placed in 2 separate container. The first portion ts used 
for T-15 flesk evltwres and overlaid om indicator ceil linea. The 
larger portion is frozen for extraction and concentration, 


2. 4& apprenimately 1 xz i 2 1/2 em. wedge of tuner is 
minced finely with iris sciesors until no further redectica is 
size of bite can be obtained. The materiel ie then washed three 
times with chilled Hepks Basal Sakt Solution with centrifugiag 
aad discarding ef supernatant Eluide between washes. The fiugi 
button of tuzor is used fer inoculating T-15 flasks and indicator 
eell Lines. 


3. With a Pasteur Pipette the tumor is transferred fran 
the centrifuge tube to each of four T-15 flaske where it ia 
equally distribsred. Then 3 mi. of 164 Human 109 media containing 
Peaicillia, Streptezycin, and 40% serum is added to each of cue 
flasks, 


4, The T-flasks ave incubated at 37°C, Observations ave 
eade three times weekiy and fluids repleted, eaved, or changed, 
depending upon wast is observed. At the ead of four weeks, if 
no growth bas occurred, the T-flasks are terminated. If gravth 
eccurs, this is carried to full spread ever the T-flask surface, 
eplit with a portion of the tumor being homogenized, aga éo 


indicater cell lines, and a portion earried by paceage. any 
Spontaneeus degeneration of tumor or cytepathogenic eee is seen 


1233 


Y ydieara 
hile 


col 
CEC LW Sy ak Mery 
ee} Gane 5 Aa 


; ah Maas We 
yr: 


oS iin ot 
Hrs Sy tae 


mC tle 
pn 


Ta 


ae 


ih hed, 
ris 


Repay 
ah Sih cone 


Syolsiels, fe 











a SEN YESSY PEST PSPSPS INES eR IOS TIS 


NOT ESE NSIT 


<r 


SESS eee 


1 CASRN EATS SIS 


i 
i 
i 
I 
{ 
t 


Tumor 


Hinee 


Extract 


TABLE £ 


Outline ef Praeedure for Processing a Speeiman 


i 





ToPflasks 


; 





Indicaters 


a) Skin 

b) Bone 

e) Fibreblasts 
a) Intestine 


Indicators 


a) Skin 

b) Bone 

ce) Pibreblasze 
a) Intestine 





Animals 


é, Fate 


eras veces 








omen! 





Fiudds on degenerating tumor 
passed to indieatore aad 

passed there 34 at approximately 
&-week intervals. 


») Growth pasaed to indicatore 
and passed there 24 at 
approximately 4-week intervais. 


Passed at approsimately 4-week 
intervals. 


Passed at approximately 4-week 
iatervals. 


Injected with extrace and followed 
fer tumer formation er other 
evidence of disesse. 
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Seriei No. ees 


im the tissue culture, fluids and/or cells are saved for imoculating 
on indicator lines, 


Patient Material: 


&2 tumors have beer utilized im this study. All were 
removed && surgery from patients occupylag beds of the Cancer 
Institute. Oniy primary tumors were used and wo other criteria 
fer selection of tumors wes invoked. 


Major Findings >: 


fhe firet LO cwmors excised were planted im T-15 flasks 
with several types of media used and beth human aad hezse serun. 
Serua was used at 104 concentration. Spindle celis were grown 
in almest ail instances with tumor cells im none, Starting with . 
tumor #20, 40% serum was used and tumor growth wes obtained. 
This summary is ef the last 23 tumers cultured (see Table IZ). 


Meéia 


iS 1, 40% Human Serum NCTC 109: Growth im 1 of 5 tumors. 
this medie hes bees dropped. 


2. &@2 Boree Serum BCTC 109: Growth im 12 ef 14 tweors. 
This media bes bees maintained ss ome of the permanext 
BediLSs . 


3, 40% Eumen Serme Eagies: pees im Il of 14 tumors. 
Spenterncous degeneration was met uncemmen so the advantages 
ef this media vere coubined with YEM. 


4, 40% Horse Serua Eagles: Growth in 7 of 10 tumors. ‘This 
media hae been combined es was 40% human Eagles. 


5, 40% Hemas Serum Yeast Extract; Growth in ? of & tumors. 
Et was difficult to mainteim alkaline pH so this medie 
has been combined with Eagles. 


& 404 Herse Serum Yeesé Exeract Mediva: Growek ia 2 of & 
timore, Cembined as was 40% horse Eagles. 


7. 02 Human Chang: Growth im 2 of 2 tumors. Thie media wes 
drepped bacause chick eabryo extract was empleyed. There 
ie thesvetical objection ta viruses possibly belug praesent 
im the eutract. 


8. 402 Horse Sarena Chang: Growth in 1 of 3 tumore. fhis 
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TASLE IT 


Graowch Result of Human Tasers Imoculated im T-15 Flasks 
By Media Eaployed ‘! 
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Rey: GO = no growth 
+ =. growth of tumer cells 
? = contamination befere a result obtained 


1236 





brn A yee 
watt 


















Page 6 


NCZ-9-756(c) 
Serial Ne, i 


medium has been dropped for the same reason as human 
serum Cheng. : 


$. 402 Bumas Serum 3/4 Eagles’ and 1/4 Yeast Extract Media: 
Growth is S$ of 5 tumors, This is retained as one of 
the pewmanent medias, 


10. 40% Horse Serum 3/4 Eagles’ amd 1/4 Yeast Extract Media: 
Growth fn 4 of 4 tumors. This is retained as one of the 
permanent medias. 


Cell Type: Growth was accomplished im tisewe culture for 
10 of 10 epidermoid carcinomas, 4 of 5 adenocarcinomas, and 4 of 
4 miscellaneous type tuzors. Wot all medias were successful in 
produeiag growth. 4& tumors were overgrown with contaminant 
before growth or failure of growth could be ascertained, This 
leaves 19 tumors fer observation; 18 of these tumors grew (see 
Table III). 

Eifects im Tissue Culture: Cytepathogenie effect has been 

seen im the cell sheet of 4 tumors, The cell type was epidermoid 

in 3 and wndifferentiated in 1. Spontaneous degeneration of the 
eel? sheet hes been seen in 3 tumors. Yhe cell type was epidermoid 
in 2 aad adenomatous in 1. Fluids and cells were saved om ali 
these for inceulatior ea tissue ewlture fadicater Lines. He evidence 
of virus has been seen in the indicator Lines. 


Discussion: The techniques ealojed to establish tissue 
eulture appear te be adequate fer the purpose. The primary problem 
has beem that of fungus contamination ef cultures, It is apparent 
that oceasionally the twaor, itself, is contaminated with failure 
to grow imherent, However, the loss of established tissue cultures 
to fungus contamination has been staggering. All media, media 
supplements, glassware, and instruments were checked for fungus 
and were negative. Air pollution seems to be the most Likely source. 
Ultravielet light has failed te control the problem so a head for 
izolation of the werk area has been erdered. 


Signigicamee to Cancer Research: 


With the eurrent popularity of the theory that viruses are 
the etiological agents ef human cancer, study of the virus-tumex. 
relationship in humans is eee to the understanding of 
CaRNeer, 


Prog feck s 





Thie study is being continued. tm absence of Br. Covsk frou 
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TABLE EIT 
Results by Cell Type of Tumor Inoculated 










Growth/Humber ef Fumers 


Epidermoid Cancer 10/16 


Adeuseareinema 4/5 


Miscelleneous Cancers | 


BIN, DOr. Edward KoLaughlie ie continuing to grew primary cancers 
excised at surgery em tisswe cultures and to supply Dr. Manaker 
esd Br. Sarah Stevart oe seme of the same material for virus 
culture studies, 


Part B included: ves { / Bo /XE/ 


xtc 
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Individual Project Repert 
Calendar Year 1959 


Pars A. x 


Project Title: Experimental Studies of Mechanisms of Metestases; 
Effect of Surgery, Radiation, Removal cf Primary 
Tumor, end Adjusctive Chemotherapy om Incidence of 
Avtifictal and Spemtancous Lung Metasteses in 
Experimental Animals. 


Principal Investigaters: Dz. Alfred Ketcham and Dr, Robert Saich 

Ccher Investigators: Or. David Kinsey, Br. Rebert Hoye, Dr. Alvin 

Barris, Dr. Jenn Dillon, Dr. Edward Price, 
and Miss Hilde Wexler 


 +Cacperating Unite: Laboratory. Pathelogy 


Man Years (ealemdar year 1959)s Patient Days (calender 
Tozals 3 year 1959}; 
Professional: 2 
Others a 


ee oiece Description: 


Taie project is made up of @ iuaber o£ parts by 8 group of 
iedividsuai iavestigetors. 


Ga fectivess 


i. Yo develop laboratory aodels which would simulate the 
matastetice precess in humsns. This imeludes studies te determine 
the time of metastases im mouse tumor eystens.. 


2. Yo identify and measure factors which influence the 
spread of cancer. 


3. Te measure the effects of adjunctive chemotherapy and 
iawediate preoperative radiation on the ducidemce of artificial 
aad spentenecus metastases, 


Methods Employed: 


Part I. Standardization of Clowudman S~$1 Melanoma, PBA-49 
Sarcoms, T-241 Sarcema, Amelanotic 8-91 Melancma, and Osteegenic 
Sarcoma 112 (Dr. Ketcham) > 


These twuers are sil being used in the laboratory of the 
Surgery Branch for varicus investigative animal studies. Is these 
tumors studied, the effect of surgical removal of a "primary tumor”! 
on development of lumg metastases is ceeormnnes by counting the 
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NCI-10-759 
Seriai No. 


< 


number of metastases under etandard conditions of time, surgery, 
housing, inoculum, ete. Each of the tumors is carried is the 
hind leg of a mouse--the melanoma cumors im the CDBA animals, 

the DBA-49 tumor im the DBAP mice, the T-241 in C57, amd the 
osteogenic sarcoma in C3HF;. Inoculwas are ali similerly prepared 
by secrificiag the denor animal, taking @ weighed amount of 
visble tumor tissue, passing it through a Smell ecytosieve with 
a1:i0 dilutions of saline, and using .05 cc. ef the imeculun fn 
the hind leg of the appropriete mouse to be inoculated. 


The longer the animals can survive in the tumor bearing 


state, the mere significent the results of the experiment. It 


has been found chat individual housing of these animals sllowe 
am extended 1ife sean presumably due co the lack of cannibalieon 
and the ability of the tumor teden mouse to more adequately 
ebtsin fecd and water. 


The nonpigmented tumors studied are west difficult te 
adequately evaluate if ene attempts to count the lung metaetases 
with che naked eye or witheut some type of staining techmique te 
bring out these tiny tumor feci. Miss Waxler hes developed a 
technique of Iudia 4ek dye iusufflation of the lumgs whereby 
even tiny microscepic feci of tumors sre idewtifiable and aot 
only countable but able te be categorized into size cempariscas. 
Confirmation of the adequacy of this 15% India isk insufflacion 
technique hes been shown by microscopic eectioning eof these Lungs 
showing timy feef of tumor in the area occupied by the dye. 


Kt was found necessary to compare studies te determise the 


effect ef removal of a “primary” tumor by amputetion on development 


of lung metastases with controls living the same length of cise. 
Three tumor systems, S-91 Cloudman melanoma, DBA-49, and T-241, 
were employed in a mamner similar to thet previously discussed. 
All animals had their tumor bearing leg amputated when "che 
primary” was 1.5-2 om. im size. They were individually housed 
and then sacrificed at intervals: im the 8-91 series at 4, 6, 8, 
10, and 12 weeks postineculatien; ia the DBA-49 series at 3, 3, 
6, and 7 weeks postinoculstion; and im the T-241 mice at 17, 24, 
31, and 38 days sestinoculatien. The inags were counted and 
comparisons aade, 


in another etudy, the effect of partial removal of a 
“orimary tumor” on development of lung metastases was datersined, 
Using two twror systems, S-91 and BDBA-49, the animals were divided 
tuto three groups when the tumor growing in che leg reached the 
amputaties size ef 1.5-2 em. Gre third of the animals were leit 
unteuched with their tumer allewed to grow, Ome third hed cheir 
tumor incised uader imtraperiteneal membutal anesthesia and 
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essentially 904+ of the tumor tissue curetted from the leg. The 
_ wound wes then closed with skin clips. The third group was 
similarly anesthetized and had complete amputation of the primary 
tumer, These animals were followed te the previously determined 
sacrifice date and thea comparison counts of lumg metastases aade. 


Pert IZ, (Dr. Hoye) 


This study was designed to determine ££ amounts of 
irradiation which were tce small to heve any measurable effect 
on the growth of a “primary” tumor were effective in altering 
the component cells ef this tumor so as to prevent their growth 
aa lung metastases wanen surgically detached and artifictally 
déisceninated as tumor eaboli. 


four tumor-hest systems im female mice eight weeks of 

age were used im this study; the Cloudman S-91 melanoma in 

 DBA/P and im CxDBA/27; wice; the Sarcoma 49 im DBA/P mice; and 
tae Sercoma T-242 im Cgy BL/6JN mice, ALL four systems in this 
laboratory demonstrate epomtaneous metastasis to the- lungs. The 
design of the experiment as used with each tumor-host system 
consisted of imeculeting a group of twenty-four mice fm the hind 
leg with e suspension of tumor celle, The tumor inoculation wae 
prepsred by cytesieving approximately 0.8 grams of freshly 
exeised tumor im & ml. of normal saline. All tumor cell suspensions 
were prepared ia the same manner and a few heparin crystals were 
added to reduce the tendency of the cells to clump aud give a 

- more even celluler suspension for Latravenows injection. A 
suspensicos se prepared centained appreximately 150,000 celis per 
each injection, 


im apprezimately two weeks the transplanted leg tumor, 
hereafter veferreé ta as the "primary" tumor, had grown te a 

sise of 10-12 em. and was still in an actively growing phase. 

The twentyofour aiee were thea divided inte feur groups with six 
animals im each group. One group served ss controls while the 
ether threes groups received irradiation to the “primary” tumor, 
Ivrediatien was acceaplished with a 200 KY Westinghouse machine 
with physical factors enabling ene to deliver a tumor dese of 

341 2 per minute. Buring irradiation the tumor was exposed, while 
the reesinder of the animal was shielded with lead. Amouncs of 
z-gay administered to the three treatmemt groupe im each tumor-hest 
eyates were 170 ©, 715 rv, amd 2000 r. These amounts were chosen 

as prelieteary studies with S-91 im CDBA mice, They had dewonstrated 
that changes im the grewth of detached cells was demonstrable 
following im vivo irradiation with emounts as small as 170 2. 
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Twenty-four heurs following treatment, ome half of the 

enimals in each group of six were sacrificed and a suspension 

Gi cells made from each tweer,. Amimals not sacrificed were 
followed daily to detect alterations im growth occurring im the 
trensplanted tumor. In the sacrificed enimals the viability of 
the cells composing the “primary” tumor wes evalueted by injecting 
the cell suspeasion made from each tumor intravenously into four 
tuzor free mice of the same strain. Growth of the intravascular 
inoculum occerred in the lungs as diacrete twmora and grovth in 
ether sites wees uct observed, The amount ef cell suspenzion 
injected intraveneusiy and the day of sacrifice of the recipient 

| enimais weried ia each tumor-hest system. These values were 
determined im preliminary studies and depended upou the number 
end sise of lung tumors occurring which would permit eceurate 

 eounting. Following sacrifice of the imjected animals, the lungs 
were fixed end the number of tumors counted with a >D wagnifier. 
Pigmented tumors were easily visible and the nonpigmented tumers 
made so by pricr stelaing of the lung with India ink. 


Pare IlZ. Effeces of Mitremia (Br. Dillea) 


_ Bouieity Studies: Female CDBA mice were injected 
intreperitomealiy with selution of Nitremin im saline at dosage 
Revels rangieg from 25 to 300 mg. per gram of body weight. Both 
eingle doses esd wultiple deses were tested. 


Therapestic Scudias: 


1. The effect ef Nicromin in varlewe conceatratioas az 
S-91 meleneme, when mixed with the tumor in the test tube, was 
‘determined, Equal volumes of 10% S-91 melenceme were mixed with 
saline and selutions of Nitresin ranging in concentration from 
5% to 0.0000001%. The mixtures were then injected fmto the 
gusele of the hind limb of female CDBA mice. The diameter of tha 
resultant tumors, if eny, was then measured with calipers. 


2, Female €DSA mice were given intravenous imeculatiosn 
ef eytesieved preparation of S-91 melanoma in saline (54%). Witreuio 
was thea injected intraperiteneally and imtravenously at various 
times following imoculatien and in varying doseges. Both singis 
and divided doses were used. Animais were them sacrificed and 
the mesber.of lung metestases counted. The aumber of metastases 
was ther ceapared with control greups which received no treatment 
aed the differences between growss which differed with reapect 
to time and dosage of treatmeat were compared as well eg the effect 
ef the route of eémiaistretioa. 


3; Experiments are currentiy undsrway ueing the akove 
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outline, uaing T-241 sarcoma im Coy black mice. 
Part ZV. Time Study of Metastasis (Dr. Romsdahl) 


2, DBA female mice bearing Sarcoma 49 tumor ia the 
thigh ere used. Mice ere injected in the thigh istrazuscularly 
eon Gcy 0 and amputations ere done om a group of mice on days 1-15. 
All mice thus emputeted are sacrificed om a later date and lung 
metastases counted, ; ; } 


2, «Similar to course as described above using C57 femsle 
mice and T-241 tumor. 


3. DBA fesale mice ave injected with Sarcoma 49 and C57 
female mice are injected with T-241 twsor intramuscularly on 
day 0. Os days 1-14 two mice are sacrificed and their lungs 
temoved, Lung fragments are divided and iajected imtraperitonesily 
imte eight Cs7 female mice om each day. The animals will be 
ellewed suffielent tise to develop sbdominal tumors and then will 
be sacrificed, Providing lumg particles thus injected contain 
viable tumor ¢celis or implemts, f¢ is pessible that the finding 
cf abdominal tumors may indicate more precisely the time of 
metastases ia the previously sacrificed asimal. 


; Part V. Stwdies with a Tranesplantable Hamster Nelazona 
(Ge. Harris) - 


Twmor was ebtaiaed originally fram the Laboratery of 
Pathelegy (RCI) where it had arisen spontaneously in a hemster 
twenty months of age. Tumer had subsequently beem transplanted 
wha trechar technique through several generations primarily for 
maintenance of Cwror. The tumor has been treated as follows: 
From a donor animal, 1-1.5 grams ef vwliable tumor is dissected | 
free and mixed with 16 ei, of neraal saline and passed through « 
eytesieve, The tumor solution is injected into mele hemstere 4-$ 
weeks of age, either subeutanecusly im the back or intramuscularly’ 

_fate a hind leg, The enimale are then observed for development 
ef tumor, growth characteristics, amé finally patterns cf 
metastases, 159 animaies have been imeculated, with autepsy 
perviormed om ali whe have died or been killed (65). 


Part YI. Studies of Preferential Metastasis S91 to 
Langs (Dr. Kinsey) 


Numerous studies have shown that metastasis cf S-92 
melenems was Limited te lunge. Experiments ware vem im which 
eytesieved imocelum was injected imte tail artery, vein, Left 
heart earetid artery, and pertal vein, Additional studies were 
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done with inoculation into animale that hed received organ 


tzansplant of lung, kidney, Liver, etc. 


A time sequence study ef pulmonary metastasis of $-91 
melanegs was alse performed, Mice were killed immediately (6, 
12, 24, %, and 48 hours; 3, 5, 10, aad 21 days) after tail 
vein inoculation of cytosieved imecelums, A lobe of lung was 
removed at the stated time and serial sections of the tissue 


made, Careful separate study of these sections wes then made 


by Br. Kinsey and Dr. Edward Price (Pathology) noting the 
positioa of and grextk of the embolic tumer nodules. 


Major Findings: 
Part =. (Be. Ketcham) 


Scasdardizetion of S-Si Melasoms: This tumer is now four 
and a half years eld im this Laboratory and etill maintains its 
same bielogical cherecteristics of metaatases Limited to the 
lung. It requires, as shown by mew tumors obtained from ether 
laboratories within the iustitute, approximately 7 to 9 eytesieve 
transfers before it develops the ebility to metastasize. This 
ie im contrast €o0 the treeer tremefer of this tumor, wrereby ne 
metastasis ie found. 


Standergizgetion c= DBA-&9; This tumor has been carried 
fer two years im this leboratery and kas remsined cozsistent in 
its ability te davelep lung metastases from the onset of transfer 
of the eytosieve iseculum. There has been no apparent biclogies! 
echenge im ite character. As with the other tumors, when the — 
primary tumor im the leg reaches a size of 1.52 om. it is amputated 
by the ceutery clamp technique which brings about am essential 
1052 clean emputaticn without recurrent tumor growth lecally. This 
is @ more rapidiy growing ¢wror, and with che individual keusiag 
the tumor bearing asimais surwive up to five weeks. 


Standardization of T-241; In nine monthe’ evaluation ef 
this tumor, its bielogical characteristics have remained unchanged. 
Ze metastasizes primerily te the lungs, is rapidly growing, and 
allows for aéequate counting of its lung metastases, It reaches 
the sise of 1.5 em, at approximately 16 days. The snimsie ere 


sacrificed at 24 days. 


Standeréization of Amelsmomie S<-91: Preliminary studies 
with this tumor indieate that its growth requires emputation on 
the 2is¢ day im order te prevent local regrowth, By the 38th 
éay, tumor bearing amimals start to die and thus thie sacrifice 
date is chosen. 
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Standardization of Osteogemic Sarcoma: This tuxor 
requires amputetion on the 23rd day and sacrifice on the &7-S2aé 
day. 


Resuite of Amputation Studies: Tke musber and sizes of 
ung metastases observed after azputetioa of a “primary” S-9h 
melanoma 28, 35, 42, amd 4$ daye after iacculetion in leg are 
snown ia Table eee Ze shows @ atepwiee increase in the number of 
metasteces with a lengthening of survival time of the controls 

to 49 days. There is a strong suggestion thet there is an increase 
up to & certein peried when a leveling off period is observed, 
bust the sizes ef the metastases continue to imerease, Whecher 
the metastases continue te ehed tumor cells and set up separate 
additiensi foci of metastases can not be determined, The fisding 
ef continued imerease im the size of the individvel tumor tm the 
absence of emall metastatic feci does not support this belies. 

ia the latter days of the experiment, the tumors within the lungs 
sees to coalesce and the animals develop cachexia and die in ¢ 
manner similar co those who are allowed to pregress with their 
primary tumor ietect. Although the amputated groups of animale 
had smaller numbers of metastasis, the average size of the 
metastasis was greater than fa the tumor bearing grovp. This 
lends support to the hypothesis that there is a constant chedding 
of tumor celia frem the primary tumor, giving both large and 
emazi foci im the tumor bearing animals, but ealy large fect in 
these which bad the primary tumor removed. 





Tae enimals involved im the experiments were usually six 
to eight week eld mice. Several experiments were carried owt 
comparing these yeums mice to siz month old mice to determine 
iz there would be change in tumor characteristics because of the 
age difference, Using the $-91 Cloudman melanoma im the CDE 
mice and DBA-49 im the DBAP mice, each age group had an amputated 
and a contrel grows end were followed as im the previously 
discussed experiment. There was found to be mo difference between 
age groupe in either series im the numbers or sizes of metastases. 
‘The imtact tumer bearimg groups ef beth eges showed a greater 
spread of metastases than the amputeted aniaais, and again the 
size £eck were larger im the amputeted groups. Conclusions and 
findings are simiiars when Ssreeme DBA-&$, Sercoma 241, osteagenic 
sarcoma, and S-91A were studied. Is gemeral there is an izcreased 
imeiderce of metasteses end imerease in numbers of metastases 
within the individual mouse in the nonzmputated (tumor bearing) 

_ animale, as compares to those amimele in which the primary tusor 
was conpletely removed, 


Table IZ démonstrates that these animals vhe had tuzor 
psvtialiy removed had a similar number ef metastases and essentially 
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Sumeary of the Spread ef Lumg Metastases, with Time, in Amputated 
end Control Animale Using Cleudeaan S-91 Melanoma 
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Average of 
3 Experiments 


Bay 28 | 
| Med. He, Lung Tumors per Mouse G | 
| Med. Mo. Luag Tumere per Tumor Mouse 3.2 
| Mice with Lung Tumors, Percent 9 
i Size of Lung Temer - Average 2.0 
[ Ho. of Mice Employed 75 1 
} Day 35 
| Med. No. Lang Tuxoers per Mouse 3.6 
| Med. Ho. Lung Tumors per Tumor Mouse Tat 
| Mice with Lung Bezors, Percent 75 
Size of Leng Tumor - Average 2.0 
| Wo. of Mice Euployed 77 
| pay 42 : 
| Med. Bo. Lamg Tumors per Mouse 16.6 | 
Med. Ne. Llusg Tumors per Tumor Mause 12.7 
Mice with Luag Tumore, Parcent &9 
| Size of Lumg Tumor - Average 2.9 
| Ho. of Mice Employed 72 
Bay 59 | 
| Med, No. Lugg Tumers per Mouse 15.2 | 
| Med, He. Lumg Tumors per Tumor Mouse 16.6 
| Mice with Leumg Tiszers, Percent 97 
| Size of Luag Tumor - Average 3.4 | 
| Ho. ef Mice Raployed 7? i 
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TABLE 17 
: The Effect of Imcompleta Removal af a Primary Tumor upon Metastases 
Cloudman 5-91 Melanoms Sarcoma DBA=49 aL Sarcoma 261 






Complete | “Partial | 
| Removal Removal | 


‘Tomplete | Partial | 
Removal | Resovel 
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a cone lutth Hetastasce 90% | 100% | 100% | 100% | 100% | 100% 
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ideatical sized range as those in whom the primary tumor wes 
left insect, The completely removed tumor groups had Lese 
metastases, and again the average size was noticeably larger 
than ther of the amputated and the partially amputated groups. 


Pare IZ. Effects of Radletion on Implantation of Cancer Celis 
(De. Hoye) — 


fhe effect which irradiation hed on the growth of the 
Yorimary’ twmor was manifested by an isteruption im the growth 
evurve following treatment renging from O-7 days and represented 
on Table EXT as a 1+ respense, or & delay im growth of from 
7-14 days and represented as a 2+ response. Following this delay 
the tumors reeumed growth at @ normal er near mormsl rate and 
eventually killed all of the enimele. it is to be noted that in 
mene of the four tumor-host systems used did complete cessation 
of growth occur nor did tumor regression take place. - 


| The effect of irredlation on fadfévidual cells as manifest 
by the munber of lumg tumors produced following the inoculetion 
of the in vivo irradiated tumor cell suspension was measured 

as the mean number of lung tumors per mouse from the twelve mice 
im each growp (see Table III). This value varied ecensiderabiy 
mere the controle and each treatment group. While tha best 

espense in preventing growth of the disseainated cells was 

Bpicinea follewing amounts of irradiation which alse altered the 
growth curve of the "primary" tumer, thie was not invariably trus. 
fhe T-241 “primary” demonstrated mo response to 715 x, yet no 
luag tumers occurred following injection of its suspension, es 
coupsred to 43 tumora per mouse im control enimals, The Sarcoma 
49 “primary” was wot affected with 2000 ©, yet this emount of 
radiation was effective in decreasing the mmber of lumg tumors 
€rvom 113 ia controle to 22 tumors per mouse im the animals 
dafected with the in vivo irradiated cell suspensien, 


Thus we gee that ie 3 out of the 4 tumor-host systems used, 
_& tumor dese of 715 r was effective im reducing the number of 
tiwag temmors at least 704. When 2000 x was administered pricr to 
artificial disseaination, the number of metastases vas reduced 
by. 21-160% ef control values. 


Fer msny years the radiotherapy of caacer has been 
eoncentrated im ettempts at kiliiug the component cells of a 
malignant twaor with large doses of irradiation. Although 
redio-bielogists have known for seme time that amall emounts of 
irradiatien are capable of altering cellular physiology, this 
‘concept has not been applied clinically. The cemeept of detachment 
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of malignant cells at surgery which subsequently produce local and 
distant recurrence of tumor is a well recognized one. This 
experimental study has demonstrated that small amounts of irradiation, 
sdministered to these cella before detachment from the primary 

tumor cccurs, ere suificlent to prevent implantation and growth 

of these cells following detachment and dissenivation. 


The mechaniss responsible for this change im growth potential 
of dissemineted ceils is mot known, It te believed that the 
decreases in the mean mezber of lung metastaeis fe not due to the 
im vivo irredietion desth of the inoculated cells, as death of 
such a large muaber of cells should produce a more earked 
alteration in the growth curve of the "primary" tumers. A texporary 
taterruption of ceil reproduction is possible, but im s group of 
animals injected with in vivo irradieted imoculum and sacrificed 
at five weeke instead of the usual three weeks, there were the 
same mumber of lung tueors, but the twaors were of larger size. 

Tais suggests that the added survival time did not permit recovery 
ef more of the irradieced cella. The cells partially damaged by 
the in vive irradiation may die fré= Lack of nourishment ewpplied 
by the tumor bed, they may be unable te implant inte che host 
tissues, or they may be more susceptible to natural host defenses, 
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Past II, Nitromia Study (Dr. Dillon) 


This study is etill in progress. it is evident, however, 
that Nitromin when mixed in vitro with S-91 melanome prevents ite — 
growth in concentraticas of 1% or greater. At lower concentraticas 
the growth of tumor was enhanced when compared with the growth of © 

tumors waich kad beer mixed with saline (this will become the 
subject of a later study). The effect of Nitromin im inhibiting 
arcificlal metastases of S-91 melanoma, however, is aegligibie. 

__ iIstvevencus Nitromin had a slight effect, but single intraperitoneal 
doses of Nitromin bed simest no influence om such metestases, The 
results of divided dsses is met yet kmown. Toxicity studies, 
however, indicate that a substantially greater total dose of Hitroxin 
can be given in this manner, These studies indicated that the 

'LD-50 of Ritromin in CDRA mice is appromimately 120 mg./g., with 
30 mg./g. being the maximua sate single dose intraperitoneally. 
The etudies( with F-261 sarcoma are much Lese complete but thus far are 
EO MOFe encouraging. 


Part IV. Hemster Melanoma Study (Dr. Harris) 


Tae purpose of the atudy was te attempt to achieve a standard 
system that could be used in the study of dynamics of metastaais, 
After the transplantable tumer had gene through 10 passages involving 
$6 animals, marked variations im mumsbers ef lung metestases persisted 
and the patterm of metastatic growth remained quite variable. The 

“Rage span of the tumor bearing avimals did hecome more constent, 
Metastases were meted is 922 of the animals studied and were seen 
in luags, Biler eedes, exillery eedes, spleen, and ence in jefmun. 
Lumg metastases were most constent, varying in numbers fren I to 1100. 


Ag with S$] melanama, the Ramster melanoma seemed to Lose 
its ability to astastasize when transplants were made by trocher 
Cytesieved incculum restered the ability of the melanoma to 
metastasize. Cheangiag the site of inoculaties from leg to back 
produced changes is the patterm and extent of metastasis. 


Siace hamsters are mot a truly inbred strain ef animal, 
and this system aot isclcgeus, the velue ef this tumer syste 
im quantitative metastecis studies would seem to be questioned. 


Part V. Study of Preferential Met aeresis S-$1 Melanona 
te Lunge (Dr. Kinsey) 


. Following free grafts of various tissues iato thighs - 
DES/2 wica later given intravascular iuoculation ef $-9i ain, 
arcificial metastasis developed only ia the iusita lungs end in 
the free grafts of puimowary tissue, This is summsrieed im tae 
Eollowimg cables 
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intraportal vein ineculum gave rise to liver metastases caly whens 
the amount of inoculum was eneugh to kill most of the enimsis. ‘The 
conclusion wf the study was that the luags are truly * preferential 
site of metastasis for this strain of animal melanoma. 


fo deteraine the tine relationship of pulmonary metestasis 
following intrevenaus imoculetion of $-91 melaacma in the stusy, 
i€ was dezonstrated chat the tumor emboli were largely intravascular 
fer the first 36-48 heures after inoculation, WUmtil this tine, the 
emboli were mostly siagle celis and suall clumps, frequently 
surrounded by macrophages and debris. After 48 houre the implants 
were noted to be imtravascular and growing. As time progresses, 
the intraveacular exboli disappear firet from smaller capil larics 
and Later frem larger pulmonary” veeseis, By 21 days no intravascular 
eabold are apparent, 


Tae change im position of the exsboii frea an intravascular 
to ewtravaseular positiox correlates with the degree of effectiveness 
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of ThicTEPA ia preventing growth ef the ieplents (Kremer). This 
same correlation is noted in work of Warren and Gates using Walker 
earcinosarcoma 7256 and by Woods using V2 rabbit carcinoma, 


Significance to Cancer Research: 


iZ human cancer therapy is to be improved, en waderstending 
of the factors that control metastasis must be found. Realizing 
tnat ery trensplantable animal twaor is never exactly analogous 
to the situation found in hueam cancer, 1t is enticipated that «a 
standardized amimai model system would greatly help im establishing 
the value of any procedure, This may be especially true in 
adjunetive chemotherapy end radiation, The study represents an 
appreackh to the treatment of mstastasee during the peried of 
their implantation and early growth, a situstien analegeus to 
the immediate postoperative peried efter cancer surgery. 


Proposed Course of Project: 


Ite is proposed te continue the study to determine factors 
that inflwence implantation aad growth of tumor emboli. ft is 


hopad that the effect of stress, imfectica, and trauma on metastasiza- 


bility can be determined. A search for a more isologous syatem 
will be continued, and attempts to use speuteneous rather than 
transplanted tumere will be sade. 


Im the study of the effect of radiation cn disseminaticen 
of cancer celle, it is planned to continue with at Least one 
additional cumer-hest system, that of o mammary carcinoms. In 
addition, experiments are currently underway fn waich this is 
vive irradiated imcculum is being injected intramuscularly and 
fmte em axillary wound. Partialiy evaluated beve been the S-$2 
melenoma im CBBA mice and the T-241 sarcema in Cg7 mice, While 
growth occurred im 100% ef contre] mice, only 12% of the treated 
mice developed tumor. 


it is cencefivablie that systemic chemotherapeutic agemzts 
mignt aleo produce a similer cellular alteration capable of 
preyentiag groweh of che disseminated cells and this concept will 
be evaluated im a eiluiilar experimental systex. 


Part B included: Yes PX f Ro iB / 
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fart B: Henors, Averds, and Publications 
Publicetions other than abstracts froz this project: 


Ketehaz, Alfred S., Wexler, Hilda amd Mantel, Hathen: 
The Effect of Removal of a "Primary" Tumor on the 
Developuent of Spontameous Metastases. I. Develop- 
of @ Standardized Experimsntal Technique. 

Cancer Ressarch 1939, 940-944, 1959. 


Kinsey, Davie L. and Smith, Robert R.: Contrasts 
Between Tumen end Experimental Melanogas. Surg. 
Gynec. & Obst. 10985, 539-543, 1959. 


Olch, Peter D., Eck, R. Ve end Smith, R. R.s Am Experi- 
mental Study of the Effect of External Irrediation 
cn @ "Primary® Tumor aad Its Distant Metastases. 
Cancer 12:1, 23-26, 1959. 


Olek, Peter Disis Eekx, Re ¥. end Spith, Re R28 bn Experi=- 


wentel Study of the Effect of Irradiation on the 
Disseminetion of Cancer. Caseer Research 19:5, 


Lbi-L67%, 1959. 


Honors and Awards relating to this project: Hone 
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Serial No. N€isiGe762(e) 
1, Surgery Branch 
ao 
S 3. Bethesda, Md. 


PHS-NIN 
individual Project Report 
Calendar Year 1959 


Part A. 


; Project Title: oudy of Metabolic Changes Associated with 
: Cancer Surgery. 


Principal Investigaters: Br. Alfred Ketcham, Dr. Rebert Hoye, 
Dr. Howard Radwin, Dr. Edward McLaughiia, 
and Dr. Jack Bioch 
Other Investigators: Surgery Staff, RCI 


Cooperating Units: Dr. Milton Winite or the Biochemistry 
Leboratery, NCI 


Man Years (calendar year 1959): Patient Days (calendar 
Total: é year 1959): 
Protessional: ae 
Other: 4 


Project Description: 


Part 1, Bleed voluze alterations in patients undergoing radicel 
cancer surgery. (Dr. Ketcham and Dr. Hoye) 


Pert 2, Effect of 2 synthetic water soluble diet om post-traumatic | 
mitrogee balance, Effeet of injury on growing animals. 
(De, Redwin) 


Bare 3, The effects of serum from patients with and without cancer 
upem hepatic regeneration im rats, (Dr. MeLaughiin) 


Pare &, Studies of the equilibrium rate ef tumor water, (Dr. Block) 


Objectives: 


Pazt_1. Im the surgical treatment of malignant disezse, 
mwany of cur patiente ara admitted in a debilitated state, They 
are subjected to operative procedures lasting 6-8 hours and 
esguiring 5-20 mits of blood to cever operative loss, Their 
postoperative couree fe Long and net infrequently complicated by 
avascular tisewe sloughs, infection, oliguria, tachyeardia, aad 
many other metabolic elterations. The unreliability of the 
periphers! Hb., HCT., and RBC to reflect adequately charges fa this 
cype of patient’s effective circslhating blood volume has been do 
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by Moore, Berlin, Williams, Parsons, and otherea. The need for 
@ means of being able to assess the effective cirewleting red 
bised ceil velume of these patients beth im the preoperative 
preparation of the patient and in the poesteperative phage is 
evident. Cur imeediate objective, therefore, is to develop a 
technique and facilities for the determination of the total 
ved ceil volume which wowld be both accurate and practical for 
use on our surgical ward. 


Part 2. Major exenterative surgery, such as is performed 
by the Surgery Branch of the Cancer Imstitute, is disruptive te 
the general metaboliem of the patient, and recovery is a burden 
to the reserves of those whe are frequently already debilizaced, 
The demands of ecoavalescence might be wased if the patient were 
provided with the proper mutrients ia the postoperative period. 
However, this would depend om the ability of che patient to 
utilize these nutrients. In this study a water soluble, synthetic, 
chemicaliy defined diet developed st NIH is employed to discever 
in quantitative terms the value of a complete diet to the injured 
animal, Growth rete is followed as a measurable parameter of 
total bedy metabolism, and nitrogen balances are deterafned. 


. Part 3. Preliminary iavestigetion has shown that the 
periodic intraperitoneal injection of serum from patients without 
cancer will iehibit liver regeneration of the white rat followiag 
partial hepatectomy. Serum from patients who have or who have 
ed cancer will net produce this imbibition. 


te is planned te use this besic data in studying patients 
wae have cancer im the following ways: 


i, To demonstrate if removing all or part of the cancer 
alters the patient's cerum constituents as weasured by hepatic 
regeneratien. 


2. Te show whether or not a change occurs in the sera of 
cancer patleate postoperatively and if auch changes cceur, vhat 
effects they have wpon recurrence or metastases. 


3. Toe dezenstrate Lf euch a procedure is of diegnestic 
value im the werk-up of patients who have lesiens im areas not 
accessible to excisional biopsy. 


Pare &. fo determine and compare the rates et which 
different animal and human tumors reach equilibrium with trieéiu 
lebeled water im the plasma after intravencus administration of UTS. 
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Methods Empicyed: 


Part i. The techaique presently being exployed is the 
use of Cro! as a red bleed cell tag as recommended by De. H. 
Berlin. The red blosd celle are tagged a3 whole blood and a 
weighed amount of this mixture injected into the patient. The 
standard sample is also prepared with a weighed amount of blood. 
Samples are drawa frem the patience at 15 end 30 winute intervals, 
‘The amount of Cr-2 im the blood and plasms of the standard sad 
patient blood is determined om a seintillation counter. ‘The 
total red cell volume is then calculated directly amd the plasme 
volume indirectiy using the peripheral BCT. as a factor. With 
this technique and by counting duplicate semples, our ergzer is 
in the magnitude of 3-52. 


Part 2. Forty male Spregue-Dawvley white rats were the | 
experimental animals. They were subjected to varying dietary 
regimens beth im quantity end in the methed of Feeding, seme being 
force-fed and cthere permitted to ingest ad libitwa, The 
experimental greup was subjected to a crush injury to the fenur 
producing a feacture on day 5 and were them further observed fer 
mime postoperative days. Nitrogen balences and bedy weight were 
determined daily. At the conclusion of the experiment carcass 
analyses were performed on some animals, 


Part 3. Verows bleed is obtained. The serum is remeved 
and stored et 40° F, until used. Female albimo NIE rats, 180- 
220 grams, sre subjected to a 70% partial hepatectemy. At eight 
hour intervale for 72 hours the animale are injected intra- 
peritonealiy with serum. Seventy-two hours post partial hepatectomy, 
the animals ave sacrificed and the degree of regeneration of the 
liver is calculated, 


Part. 4, 


Avimel Experiments; Tritiated water (HTO) in dosage of 100 mc, 
in 0.2 ec, fis imjected into the tall veins ef 200-250 gram male 
Sorague-Dawiey rats bearing a two to four week old Walker 256 
cérceinessrcems sukeutaneously en the back, Amimals are sacriéi 
by intracardiae exsanguinating puncture at serial time interval 
réenging from 5 minutes to 12 heures. Samples of bleed, Liver, 
‘muscle, cuzer, and skin are lyophilized, and the water collected 
is measured for specific activity of tritium im the Packard Liquid 
Scintillation Counter. The ratio of tiseue or tumor water/plasaus 
water is recorded, 


cee 
& 


Human Studies: Tritiated water (ETO) in dosege of 200 me, 
ig intravenously imjected inate huwan subjeets with tumor, £ 
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HCX-10-762¢c) 

Serial No. 2 
dzaving of a base-line blacd sample. Following injecticn, 
serial bleod samples are taken. Tumor is removed and time of 
exeision during operative procedure recorded. Tumor end bleed 
are lyophilized and the water extracted analyzed for tritiun 
activity in the same manner as the previously described aniugi 
samples. 


Major Pindings: 


Part 1. While improvements ere still being made anc new 
procedures being evaluated in our methed of bleed volume 
determinatica, we have neted the following significant findings: 


1, Many of cur patients on admission have a significant 
deficit im their total red cell volume, although this is net 
evidemt im their peripherel Hb. er HCT. determinations. 


2. I an edeiesion HCT. is relied upon as an indicater ef 
effective circulating re@ cell volume prior to major surgery, 
as is not infrequently the practice, a patient may underge major 
surgery with only 602 ef his mormal clrceulating red cell volume. 
Suck a patient is a peor operative riek and has a difficult course. 


3. By deiag cetal red cell volume determinations 
immediately preoperatively and tmmediately pestoperatively, we 
find there is a significant deficit of RBC’s Lest at surgery 
wnieh has net been accounted for by the electronic measurauent 
o£ bleed Leet im the operative field, 


& In the first two weeka following major surgery, there 
is a gradual continued leas ef red bleod cells. Twenty-five 
per cent ef the total red cell volume may be lest im thie way 
and met necessarily reflected im the patient's peripheral Hb. or MCT. 


S. Patients developing e prelonged tachycardia in the 
immediate pestoperative peried with leboratery and clinical fimiiags 
which are normal frequently have a 20-40% deficit in their 
effective circulating red ceili volwse and demonstrate a dramatic 
response following administration ef tue unites of bleed. 





Part 2. The iahibition cf growth by trauma.was decouste 
im eniwsis receiving a censtant intake, A cencemitent diminution 
im anubelisea wes alse ebserved. However, an incremest of ome third 
in the amount of diet available after injury could allay the 
ishibition of grewth end minimize che alteration im altregen balsace, 
While the wetilization of diet ie not es efficient in the past- 
operetive peried as im the preoperative, and the dietary supplement 
de wot entirely retained, the provision ef edequate eutrierts is 
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worthwhile. Thus, while the effects of injury on the overall 
bady economy as measured by growth rate are significant, they 
can be favorably modified by an appropriate dietary regimen. 


Part 3, Selecting for etudy a series of consecutive _ 
efuigsions, it is hoped to demonstrate whether or mot all patients 
with cancer show an inability to inhibit liver regeneration. 

. Patients who Rave had no previous treatment, patients whe have 
been treated but still retain evidence ef their disease, and 
patients whe have been treated amd are thought te be free of their 
disease, will be studied. Prelimimary work indicates that e11 
three groups of patiests exhibit am inability to exikibie Liver 
regeneration; however, @ larger series will be studied. 


Obtaining serus from @ larse group of hospitalized patiexts,. 
ene aay determise if this defect im serum is specific for the 
patient with cancer or ££ it is present in other disease states. 
Should this prove te be of significant accuracy, euch a serclogic 
test vould be of value in certain lesions which do not lend 

themsezves to easy excisiernsl biepsy; i.e., lung, deere pascreass, 
kidney, aud cerebral tumors. 


Preliminary date ia fiiteea patients in whom the diagsosis 
of earcisema of lueg, tuberculoma, amthrosilicesis, end aneurysms 
ox theracie aorta, vetre proves at thoracotomy, indicates that 
these patiests with lung cancer showed a lack of inhibitien of 
liver regerneration, vaiie all mom-cancer patients inhisited 
vegeneration. 


Cbtalning a serum seaple immediately prier te gurgery, 
three weeks postogeratively, and at eubsequeat three month er six 
month intervals, one m@y damonstrate if there is a change in the 
individual patient's ability te ichibit liver regeneraticn. Such 
Gata could be correlated te the appearance of metastatic feci, 
eeeurresce of tumer, ar death from cancer spread, 


Preliainary results shew: 


1, Serum from patients with cancer dees not inhibit 
iiver regereraticz. 


2, Serum fros gatierts witheut cancer dces imhibiz Liver 
regeneration. 


3, Serum rem patients who have had cancer end wno efter 


surgery are believed to be free of their disease dees wot inhibit 
liver regeneratioa. 
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&, In a series of 55 patients, all those with cancer 
dia not imhibit liver regeneration, These who did not have 
cencer (but hed other disesses; i.e., tuberculosis, arthritis, 
diabetes, anthrosilicosis, wound infection, empyema, gout, etc.) 

inhibiced liver regeneration. 


Part & A4simal experiments te date tmelude 32 rats. 
80-100 gram tumors in these enimeis take am average of 45 
ginutes to reach equilibrium with plasme tritium, 15 minutes 
longer than any ether tissue studied, One metastatic cancer 
in the chest wall equilibrated in 90 mimustes, 


Significance to Cancer Research: 


Vaderstending of fundemental problems of etiolegy and 
_ prognesis cf cancer requires more precise information of 

metabolic changes aseeciated with er preduced by the disease. 
The studies eutlined eliow fundamental ckeervations on cancer 
in man. Fhis should help the surgeon prepare patients for 
surgery end perform surgery under the most cptimum conditions, 
Be. MeLaughlin’s interest im liver regeneration could possibly 
lead to e diagnostic test fer cancer, It more likely will lead 
to more basie imformetion of fumdamental changes in serusa 
protein (7) or other bedy constituents asseciated with caacer, 
Preliminary information indicates that patients with cancer 
lack a substance which imhibice liver (mitosis) regeneration. 
This substance is present in patients who do mot have cancer. 
Conclusive proof of this preliminary information would be of 
Significant value. : 


Progesed Couree of Projects 





The four projects outlined ere all actively wader study. 
Ze is belleved thet they will ail] be enlarged and completed. 
The exact course will depend upon individual developments. 


Part B iscluded Yes jf of Bo (kK _/ 
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Serial No, _HeI-10-765 


l. ce Branch 
Zo 
5. Bethesda, Ma. 
PHS-HIH 
individual Project Report 
Caiemlar Year 1959 


Pert A. 


Project Titles Effect of Carcinogenic Agents sees & Broachial Pouch 
Preparation in the Boge : 


Principal Imvestigatsr: Dr. W. 6. Hueper 
Other Investigators: Dr. Willies Benfield and Dr. Alfred Ketchas 


Cooperating Units; Hone 


Men Years (calender year 1959): Patient Deys 
fotal: 144 * (calender yaar 3959): 
Professionals 1/6 
Othars 


Froject Deseriptions 


Objectives 


1. To imtreduce end utilize the blind pouch technique into 
broachogenic carcinoma carcinogenesis study. Results nay be 
added to current evidence concerning the etiology of muman lang 
cancer, 


2. To provide @ Ue ereere large animal tumor for treatment 
studies. 





As performed at present, the pouch is fashioned from the Let: 
lower lobar bronelus. A left lower Ichectomy ie first performed, 
emputating the bronchus more distel then usual. The lover iche 
bronchus is then re-emputeted at a higher level, severing the 
cartillegenous ring end endebromciel structures, bet leaviug ths 
peribrenchial structures imtact as a vaseuler pedicle. Ths left 
rain bronchus is sutured as are both ends of the pouch, for ing 
in effect a pseudocyst. The end of ea fine polyethylene cathet 
is implanted imto the lumen of this pouch, and the other cad of 
the catheter is extericorigsed through the cheat well where it is 
buried beneath the skin, available for injection purposes. 
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Suspected carcinogenic ageuts will be injeoted into the 
bronchial poeeh via ths polyethylene catheter at reguler intervals. 
Suitable controls vhere the vehicle only is injected will be included. 
Serial roentgezograss will be taken to detect and follow the progress _ 
of any left hiler vadicdeasity which may develop. The snimals will 
be followed for four to five years, after which time they will be 
sacrificed. it is proposed to study the following agents initially: 
3,4, benapyrene, tobacco ter, and internal combustion engine exhaust 

concentrate. These thres compounds ere being injected into different 
anizeals, and a fourth group of control anizels are being observed. 





This project was instituted and carried on by Dr. John Waite 
vatil his transfer te another Publie Health Service Hospital. It 
is being completed by Dr. Alfred Ketcham, Surgery Brencsh and Dr. 

William Benfield of the Pathology Department. 


Tre animals have been folloved at three-month intervals 
with re-injection of tobaceo tar into their bronchial pouches, and 
clinical evalmtion of all enimals within the experiment, which 
includes chest u-rey evaluation. This is intended to be carried cut 
 throughovt ths course of the study which extends ever the next two 
years. The 1959 x-ray evaluation of the remaining dogs feiled to 
showy eny significent findings. Qne animal has died within the past 
year end one has beem sacrificed. The pathological specimens, both 
grossly end microscopically, have feiled te show any evidence of 
cancer, There are presently 20 dogs remaining in the study. 








- fo date thers have been no significant results, either in the 
sacrificed enimals er the clinical end radiographic findings in the 
living snimals. 





Te date the majority of evidence parporting to beer on the 
genesis of human bronchogenic carcinoma is adduced from the ability 
of a suspected carcinogenic agent to preduce a tumor when painted on 
the skin of 2 rabbit or mouse. Im interpreting the results of those 
experiments, not only sust the heterogenicity of the experimental 
enimal with respect to humens be considered, but OO between 
epidersis end bronchial epithelium plays en importent role. Expocing 
the experimental ewimel to an atmosphere leaden with the suspected 
carcinogenic agent has almost always been unsuccessful in producing 
tumors. This had led to the conclusion by some investigators that 
the agents ere not respiratory carcinogens and by cthers that the 
enimel’s respiratory defenses (the cough, the dilution of the carcin~ 
ogenic sgent in the respiratory secretions, asd the actions of cilia) 
ere so efficient as to make exposure to the carcinogenic agent 
nogligible using this technique. There is much legic to support tks 
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second hypothesis, and a gocd method to provide contact with a 

strong concentratien of the suspected agent over a prolonged pericd 
ef time end egainet which contact the animal may not have en effective 
defensive mechanise might be ef some value im settling this point. 

Ye feel that a study on the upteke of radioactive bengpyrens fron 

our pouch preperation alone might yield sufficient date to sustety 
the project. : 





% ponosed Cour S692, 2 FOI§ 





‘This ferogece is deing completed by Dr. Alfred Ketcham, Surgery 
Branch, with the asaisternce of Dr. Banfield. The animals are 
evaluated at three month intervals, but due to inability to cbtain 
the tobacco tar from Dr. Ruepsr, re-injection of the one 
patent polysthylene tubs has not been carried out within the past 
six months, During the next two years these animals will be 
intemaittently sacrificed as the protocol eslls for and followed 
until the end of the experiment in 1961. 


Part B included: yes ff Ho {[X7 
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Seriai No. NCX-10=-768 
uy aoe y Branch» 


PHS-NIE 
Individual Preject Report 
Calendar Year 1959 


Part &. 





Prolect Titles The Relatiengshin of Uropepain Exeretion to 
Gastric Acidity and Pepsin. 


Principal Investigator; Dr. James R. Jude 
Other Emvestigaters:- Br. Alvin Harris 


Cooperating Uaits: None 


Mam Years Kcalersar year 1959). Patient Days (caleadar 
Totals if4 year 1959); 
Professional: 1/4 
Other: 8) 


Project Deseription: 


Objectives: 


To determine whether or not there is e@ constart and 
éefinite relation between uropepsin exeretion and gastric 
pepsia and acid production in degs, This value, if fownd te 

show & constant relationship to gastric acidity, would previde 
& valuable teol in clinical wamegement of patients with gastric 
aigeeses. 


ey y oF 8 





E 


Heidenhaia end/ez Pavlov pouck dogs have been prepared. 
The seme animals have had camnulee placed in their urinary 
biadders, Sisulcaneous 24-heur celieetiens fraa the wrimery 
and gastric pouches skeil be made over a control peried of four 
weeks. The gastric juice volume, free and total acidity, and 
papsia eovtput shall be determined as alse will the ous an of 
uvepepsin. The data will be evaluated. 


Following adequate control periede verieus experimental 
regimens are followed including: 


1, Administration of cortisone acetate iatraausculari tly 
ia daily doses of varying smounts over specified time periods. 


2, Histacise ip Reeswaxn edministrarion. 
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3. Hypophysectomy. 


Major Findings: 


Tne day to day 24 hour excretion of Heidenhain pouch 
fvee acid and pepsin and urinary bladder pepsin varied from 


400% to 700% in maxiuum-minimum ranges, Histamine produced 


Part 


an imeediate rise in gastxrie pouch free acid and pepsin, and 

a brief late inerease in uropepsin. Large doses of cortisone 
preduced variable imcreases im gastric free acid and a late 
gradual increase im gastric pepsin. Ne constant change in 
urepepsin was observed, After hypophysectomy a marked decrease 
im pouch acid and pepsia was seen. Again wropepsin excretion 
values did not vary frem the pre-hypephysectemy control values, 


tet was concluded that the contrel studies gave strong 
iudication ef the Lack of value of urepepsin eucretion as @ 
mirrer of gastric mucosal activity in free acid or pepsin 
production. Neither tucreased atimulation with injection ef 
histaaine, and large doses of cortisone, er decrease in stivulaticea 
by ablation of pituitary preduced the corollary effect on 
uropepsin. It can only be concluded that in the experimental 
aaimal used mo value could be given to evaluation of gastric 
wmascosal activity in acid and pepsin preduction by study of 
wroesepsin excretion. 


Significance ta Cancer Research: 
The literature contains many reports of the value or 


lack of value ef urepepsin excretion in evaluating the secretery 
status of the stemach. If e simplified test could be found 


that would easily detect Limited gastrde acid secretion in patients, 


the test weuld be of great clinical value in detecting early 
gastrie cancers, or patients wne might be expected to deveisp 
gastric cancer. Unlortunately, this study reports caly negetive 
results. 





He £urther work planned. 
B included: Yes (XX 7 No f/f  / 
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ker} Bs . Homers, Awards, and Publications 
Publications other then abstracts from thig projects 


Jude, James 2. ead Harris, Alvin H.: A Study of Urogepsin 
as a Reflection of Gastric Secretory Activity. Arch. 
Surg. 79325, 761-768, 195. 


Homers end Awards relating te this project: Hone 


1265 


Gwe 
Hy 





any 


Serial Ho. seis 
1. Surgery Branch 
26 
3. Bethesda, Md. 
PHS-NIZ 
individual Project Report 
Calendar Year 1959 


Part A. 


Project Titles Study o£ Host Factors Associated with Teplentevtcs 
ef Cancer Cells. 
Part I, Effect of Altered Endocrine State on 
ae Implantation aad Growth of Tumor Emboli 
Part LI. Effect of Deficiency States on Cancer 
tamamnity 
Past _Z1X. Effect of Stress, Liver Trewma Upon © 
Tumor Metastases 
Bart iV. Attempts to Delineate Host Factors 
Associated with Prognosis im Cancer Patlente 


Principal Investigator: Dr. Robert 2. Smith 


Sther Isvestigaters; Br, Alfred Ketcham, Dr. Marvin Arons, Dr. 
Rebert Couch, and Br. Alam Retik 


Ceoperating Unite: None 


Han Years (calendar year 1959): Patient Days (calendar 
Total: 2-3/4 year 1959): 
Professional: 1-1/4 
Other: 1-1/2 


EFroject Description: 


Objectives: 


Pare I. (De. Avems and Br. Ketcham) {To determine the 
effect of pituitary hormones, growth hormone and ACTH, on 
primary and metastatic tumor growth. To observe the biclogy of 
@ tumor previcusly hermezally treated end then tremsplasted. 


Pars TL, Hemotrarzsplentation ie Pyridexiue Deficien: 
Nouse (Dr. Couch) The impaired immune respouse of the pyridoxine 
éeficiene animal has been well demonstrated. UWetilizing this 
fect, Axelrod, Fisher, and Fisher were able to achieve significance 
success with homolegeus skin transpleats in animals, The 
facters lavoelved im the hest immune respense to cancer have bean 
am ieterest of the surgical branch since ite ineeption. Im iine 
with the work under way im patients ea inhibition of hest 
ismunmity to imfeetion, it seemed reasonable te eee if host 
iamunity to cameer using a genetically pure system could be 
inkibiced. Usimg chis as a starting peint, studies designed 
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around discerning the factere involved in this imeune response 
are planned. The ultimate hope is that discoveries will be made 
that will allow the creation of host immunity rather then the 
destruction of it. The results presented here are preliminary 
end incomplete, 


Part ETI, (Dr. Retik) To determine the effect of 
stress and liver wenipulation upom the metastases of S=-$1 
melanoma amd other mouse tumors, 


Pere IV, (De. Retik and Dr. Smith) fo determine 
wetrospectively and if possible prospectively factors, aside 
from the extent of a patient's diseese, affecting the prognosis 
of patients with carcimema of the cervix. Attempts te correlate 
changes im specific cemstituents ef serum (i.e., serum glycoproteine) 
in patients that ere able te contain their cancer and those chat 
develop disseminated cancer will be included in this study. 


Methods Employed: 





Bart I. (Br. Arons) Though the pethegemesis of twuor 
metastases has been fairly well deliseated hietelogically ‘in 
wecent years, yet the basie regulatory influences on the metasretic 
preceas are mot yet weil umdersteod. All the hormones, especisily 
the adreasl cortical greup, have been under therough iavestigation 
using verious types of transplantable animal tumore, Despite 
voluminous experiments with the adrenal steroide, nemely cortiscne, 
with no less than 35 definitive references, many of the conclusions 
are contradictory regarding site of ection, effect, end underlying 
eause, it has been noted ia several geod revlew articles that 
there are many pitisiis using animals im tumor experiments, 
agpecially whem hormones are introduced; but with these factors 
ia mind, the two pituitary hermores, growth hormone end ACTH, 
have been selected for investigation of thelr influence on 
experimental treasplantable tumors. Of the hormones so far studied, 
probably the least vork has been reported on growth hermone. If 
must be recognized that earlier growth hermene preparations have 
ast been as pure or assayed as kigh es those most recentiy 
esployed. Alec, growth hormene mmst be sduinistered logerithimiceal 
at imtervals to counteract refracteriness, and in several expe 
ehis was not done. Another imteresting factor ie that im centrest 
eo the tmtact vat, the imtact mouse is rather unresponsive te 
growth hormeene except when hypethosectomized, However, this say 
overcome by imcressing the dose about 20 times. Summsrizing © 
experiments, it has beer concluded that growth hersone is wit 
loeal effecc on three different mouse adenocarcinemas, ene 
estecgenic sercoma, and a red fibreadenoma, However, ome exp 
concluded that the priwary cuners themselves increased in aise, 
and im this experiment two edemocarcinomss and cvo fibroadencuas 
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were used in mice, Regarding metastases, ome paper concluded 
that there vas no increase in lung metastases when grovth hormone 
was administered te mice with an adenccarcinems, Another 
experiment Cemonstrated increased lung metasteses, but only 
when growth hormone was given latravencusly and enly when 
administered prior to tumor imoculation, However, he later 
showed thet this was a nonspecific effect. One other point te 
be noted is thet the average tumor mass attained im mice therapied 
with growth Rerzene im ome paper is independent of body weight. 
Further, the growth hormone increased tumer weight end body 
weight, Tae tumor weight was characteristic of the specific 
tumor host combiaatien, As for the effects of ACTH on various 
animal tumors the followlug conclusions have been wade: 1) ACTH 
inereases lscal tumor growth after hypothesectoay, 2) it decreeses 

_ iocal tumor growth, 3) ACTH imereases metastases when eduinietered 
prior to istravescus timer droculatien, 4) it hes moe local effect 
om tumor, 5) ACTH decreases Local tumor grewth and decreases 
metastases when used im conjunction with u-rey treatment, and 6) ft 
inereases the per cent ef tumor take, It should be meationed 
that the simultaneous administration of both growth hormone and 
ACTS hes been shoum to reverse the body weighe Llosa produced by 
ACTH aSione, With this confused back drop it was felt further 
arperimentation might clarizy the hormenal effecte en Lecal 
grosth and metastases ia transplantable animal tumors, and siace 
ealy one imvestigater bee reported om transplenting tumors fren 
hormonally treaced animals te ebserve if the hormome effect is 
continued in neatreated enimals, this aspeet ef hormenal influence 
was alse to be imvestigated, Therefore, an initial pilot study 
was undertaken, aad two differermt experimeats ware carried cut. 


Experiment i: Eate feur groups 0 six weak old OBA gray 
mice were equally divided, and the animale were thea weighed iu 
groups ef give, .05 ec. of & 1:10 dilution of a cytosieve DBA 
T-49 sercoma was then givers into the right hind limb intreamusculariv. 
iemediately after tuner dmoeculatioa, all the animals received the 
£ollewing subcutaneous iajections inte the dersal necks Grew 1 - 
03 €¢, distilled water, Group 2 - .5 mg. grovth hormone, Group 3 - 
05 wg. ACTH, Group 4 - .5 growth hermene and .065 mg. ACTH. The 
ACTH wis Orgenean's corticotrephia zine end che growth hormone wes 
Armour's Somar A diiuted with distilled water, Each animal ia 
Group 2 aed Group 4 received a total of 22 mg. of growth horsone, 
but these heaving been increased every six days so that ona day 
prier te sacrifice esch animal wes injected with 2 mg. Each 
animsi im Group 3 and Growp 4 received a total of 1.29 ug. of ACTS, 
the dose being imereased once on the 13th day so that one day prior 
to sacrifice each animal was receiving .68 mag. Each auimal in 
Group 1 centro] received .5 mg. distilled water daily. Each group 
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of éenimsis was housed together im feur separate cages and ei) 
the animals were maintained on water and chew ed lib. Brug 
injection and tumor inoculatiom began on day 0, injections ending 
on day 20, Just prier te sacrifice om day 21, the animal weights 
were again racerded. The lungs were treated and eteined by the 
methed of Wexler and the musber of metastases per lung counted 
using magnifying loops. 


Experiment 2: Inte four groups 40 eix week old DBA grey 
mice were equally divided. A primsry tumer fram one animal cf 
each of the feur groups of Experiment 1 was cytoesieved as 
previsusly described. These tumera were taken at the completion 
of ehis first emperiment. Each tumor wes thea incculated 
intvamusculariy inte the risht hind Liew cf the animale in the 
correspending greup om dey 0. Mome of the mice in any of the 
four groups received amy drug and 211 were saintained as ia 
Enperimeat 1. Ga dap 22 all animals were sacrifiesd aed the 
lupgs exaataed for metasteses by the previously deseribed 
techaigue. Te primary tumors were weighed individually. 


Pert IZ, (Be. Couch) 
Msteriaiss 


1, Animale ~ Balb/e 20 grem wice. 

2, Diet - Water seluble diet of Greensteim, et si, fer 
Experiments L amd 2. Wutritionsal Biochemical Comany Bs 
éeitieiest dict for Experiment 3. 

3 Tumer - ColBA mawmary tumer. 

4. Pesonuypyridexine -~ Where used, given at 0.3 mg./se. waebar, 


Euperiment 2: Ten control and ten experimental animale 
were started on diet. Coatrel animale received chow diet and 
water ad lib. Exgerimental animals received diet #26 of Greenstein 
and water ed 116 eentaining desexypyridexine. At the end af 3 
weeks all eximeals were given a trecher imjection ef tumor igtra= 
axiilayy and esaerificed 7 weeks after the study commenced. Tiszors 
were gubaiited to pathelegy fer sectioning. 


Experiment 2: A wepeat of Experiment 1 wes dewe using 20 
anisels im sack grewp. At 3 weeks dier was changed frem £26 te #4. 


Experiment 3: Three groups of animsis were used. . Twenty 
comtrol animale were given chew diet and water ed lib. Twenty 
experimentel animals were given NBC Bg deficient diet end water ad 
Lib, Twenty experimental animais were given pyrideoziae deficient 
diet plus 0.3 mg. desexypyriderine per ce, of water. Animals 
were dmeculated with tumor at 3 aed 6 weeke, Sacrifice was cone 
& weeks after inoculation. 
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Par: ITY, (Or. Retik)  Suspessions of S-91 melanoma 
were injected inte the pertal veia of the mice. ‘The study is 
im progress now, After varying perleds of time, repeat exploratory 
laporvatemies and liver manipulatien will be performed as well as 
other methods of stress ta determine the effect on the imecidence 
and musber of iver metastases, 


Fact iV. (Be. Retik and Dr. Smith) This project ics 
most difficult ts get organized, it was erigimally hoped thet 
daring this year studies would be under way to measure 3 fractions 
ef human serm, glyceprotein, seromucoid, and C-reactive protein, 
in petiente with eperable maligvast tumors, Dr. Jack Blech did 
set up the fellewing study and was able to standardize his techaiaues. 
i5 ce. of serum will be obtained frem each patient to be studied 
aad from eack contrel subject, and will be etored under 
refrigeration umtil use. Levels eof serum glycoprotein will be 
msasured by the thymol sulfuric acid methed of Shetler, in the 
Heckssn D.U,. Spectrephotemeter using standard solutiens of 
equimelar mammese amd galactese as indiess, Seremceid will be 
measured with Folin’s phenol reagent for tyreaime, im the Klett 
Colorimeter. C-resetive protein will be accurately estimated by 
the capiilary preeipitin method, using commercially prepared 
C-reactive protein antiserum, 


Im addition to this, Dr. Retik has imitiated a chart 
review of patients whe have had surgical treatment of carcizoms 
im an effort to delineate £actors such as imfection, multiple 
transfusions, stress, etec., thet would be correlated with progeesic. 


Ma jor Findings: 


Part F. (Dr. Aroms) Since this was only 2 pllot study, 
no definite conclusions can be made, but only imferences dreun 
for the gext emperiment which will duplicate these two experiments. 


Experiment i: Yt is seen that the median weight of the 
primary tumers at sacrifice in aach ef the four groups veighed 
about essentially the seme, The lesser weight in the ACTH treated 
animals probably represents the total effeet of tetal bedy weight 
loss sad aise these tumors were somewhat liquified. It eppears 
thet grovth hommone, ACTH, and the cesbinetios cf the tus hormeues 
aoses met imereese the growth of the primary tumor. The mean weigkt 
change fins the Group 1 control amimals about equsis the weight of 
the tuwxor, whereas ia the animale receiving grovth hormene ths 
leeal tumor does not account for the inmcreeze in body weisht, which . 
aust be attributed to the growth hermome effect. When compared 
with the control vaiue for median uumber of metagtases pex Lune, 
40TH in Group 3 and the ACTH-grewth hormone combination in Group 4 
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compare <avorably and do not seem to increase pulmonary metastases 
or decrease them, Yet im the growth hormone treated animals 
there appears that there might be a significant increase in _ 
_iunmg metastases in theee animals. in the Grewp 4 animals which 
receive beth ACTH and growth hormowe it is noted that the growth 
hommone counteracted the weight lese effect of ACTH seen im Grou 
3, but thet the ACTA seamed te coumterect the growth hormone 
effect of increasing pulmonary metastases, 


Experiment 2: ft is immediately neted that im Group 4 
there was a 0% tumor take. This was the grewp im which the tumor 
was taken rem en ardmal previously treated with both AGTH and 
growth hommene, As a result, of course, there were no lung 
metastases, either, Whether this wes a definite hormonally 
transferred effect er whether this was due to infection er some 
other cause remains to be further imvestigated. Im Groups i, 

2, ead 3 the madian weights of the primary tumor et sacrifice 
cempare fairiy equally. However, im comparing median numbers of 
metastages per tumg it fe meted that in the contrel the figure is 
7, waereas im the growth hommone group it is 3, ead in the ACTH 
gresp if is 0. Whether the tumors im Groups 2 and 3 that kad 

been in apimais previcusly hermeasily treated were traneferred 
with seme hormonal effect on tuhibiting metastases remsaing to. 

he seta, aspesialiy since im the first experiment growth hormones 
geemed to imerease metastases. Im our mext contempleted experiment 
we Rope to duplicate these two experiments and also te use 

another control in Experiment 1, that being denatured growth hormone. 


Part UX, (Br. Couch) 


Experiment I; Ne comtrol animal exhibited “tumor take" 
either gross or wlerescopic, Two of seven surviving deficient 
animals evbibited gress and microseepic take. 


Experiment 2; Ho comtrol or experimental animal exhibired. 
gress or @ierescopic tiwser, Tumor imoculetion time ceincidad 
with diet change end marked weight loss occurred in beth control 
end experimental groups. 


Experiment 3: Ne centrol animsl exhibited tumor. 8, deficient 
animale receiving desomypyridoxine did not survive lomger ¢ham 2 
weeks pest injection. Bg deficient animais witheut antagonist 
survived. Ome ef seven animals in the 3 week group and three of 
seven animals im the 6 wesk group exhibited “tuzer take”, 


Pases Iii & IV. Wo significant reeults available. Study 
is {nm progress. 
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Significance to Cancer Research: 





i Tae clinical experience with human cancer therapy 
indicates that comtrel of cancer, ence it develops, depends 
upon the ability te cemtrol the implantation of cancer cells 
both locally im a weund sad at @istast sites, There is increasing 
evidence that more than the mere presence of tumer cells at 4 
site of potential recurrence or metastases ig necessary for the 
growth of these celle. If it could be shown that eltering the 
emlocrine level ef patients could influence this host factor, 


oz if a measurable serum factor could be correlated with metastasiza- 


bility, @ potest eancer control method would be available. 


The detatlis of the chemical and physiological nature of 
the serwa polysaccharides are largely unknown, but it hee been 
demonstrated by pumersus imvestigeters, thet in many dieeese 
eer ace the massurable serum Levels are altered, Over the pest 

twenty yeare, Shet¢lar et al have studied the serum levele and 
properties ef the "acute phase reactants", notably sermm hexose 
oy glyecopretein, its close relative serosucoid, and C-reactive 
proteins, im cancer, many of che collagen diseases, pregnancy, 
Ron-apecifie xever, and experimental faflemmation, end have eoted 
eignifieant riee of these fractions ie the ebove states, 


Tae relatiership of the rise im these serua polysaccharides, 
to the disease process has act been postulated, It is know: that 
the levels are significantly elevated im setive cancer, that they 
Fise still higher immediately postoperatively, and im a few 
follewed cases have deciined postoperatively. We are interested 
im attesptinug to corvelate the blolegical behavior of carcinoma 
$m ous attemet at operative cure of this disease, with serum 
polysaccharide Levels. 


oged Course of Project: 





Prog 


Ie is difficult te delineate the exact couree this project 
will take, All of the above devcribea protecols are incomplete 
aud mo sfenifieaat results are avaliable, The ceurse of this 
etudy ie dependent wren findings of pilet experiments stiil is 
progress. 
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